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(54) CPP STRUCTURAL SPIN VALVE HEAD 
(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a CPP 
structural spin valve head, by which the large resistance 
variation is surely obtainable by the small number of 
laminated layers. 

SOLUTION: In the CPP structural spin valve head 36, a 
sense current goes through an insulated layer 54. The 
movement of electron across the insulated layer 54 is 
supposed to be realized by the operation of the minute 
defect, i.e., a pin hole formed on the insulated layer 54. 
The current is concentrated to the pin hole. Thus, in such 
spin valve head 36, the large resistance variation is 
realized in accordance with the inversion of the 
magnetizing direction established in a ferromagnetic 
layer 56 at the free side, similarly in the case the passing 

cross sectional surface of the current is reduced. This sort of the CPP structural spin valve 
head 36 remarkably contributes to the further increase of density of the magnetic recording. In 
this spin valve head 36, the resistance value is reduced as compared to that of a so-called 
tunnel junction magneto- resistance effect element. The generation of thermal noise is 
suppressed. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] • • 

[Claim 1] A CPP structure spin valve head characterized by having a freedom side ferromagnetism 

layer, a nonmagnetic interlayer who contacts a freedom side ferromagnetism layer in the 1st interface, a 

fixed side ferromagnetism layer which contacts a nonmagnetic interlayer in the 2nd interface, and an ' 

insulating layer separated from a nonmagnetic interlayer in a fixed side ferromagnetism layer. 

[Claim 2] It is the CPP structure spin valve head characterized by including a compound with which said 

insulating layer consists of at least two kinds of elements in a CPP structure spin valve head according 

claim 1. 

[Claim 3] It is the CPP structure spin valve head characterized by said compound being an oxide in a 
CPP structure spin valve head according to claim 2. 

[Claim 4] It is the CPP structure spin valve head characterized by putting said insulating layer in one 
pair of fixed side ferromagnetism layers in a CPP structure spin valve head according to claim 1. 
[Claim 5] A CPP structure spin valve head characterized by having a freedom side ferromagnetism 
layer, a nonmagnetic interlayer who contacts a freedom side ferromagnetism layer in the 1st interface, a 
fixed side ferromagnetism layer which contacts a nonmagnetic interlayer in the 2nd interface, and an 
insulating layer separated from a nonmagnetic interlayer in a freedom side ferromagnetism layer. 
[Claim 6] It is the CPP structure spin valve head characterized by including a compound with which said 
insulating layer consists of at least two kinds of elements in a CPP structure spin valve head according 
claim 5. 

[Claim 7] It is the CPP structure spin valve head characterized by said compound being an oxide in a 
CPP structure spin valve head according to claim 6. 

[Claim 8] It is the CPP structure spin valve head characterized by putting said insulating layer in a 
freedom side [ one pair ] ferromagnetism layer in a CPP structure spin valve head according to claim 5. 
[Claim 9] A CPP structure spin valve head characterized by having further an insulating layer separated 
from said nonmagnetic middle class in said fixed side ferromagnetism layer in a CPP structure spin 
valve head according to claim 5. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the CPP (current 
perpendicular-to-the-plane) structure spin valve head which circulates sense current along the direction 
of a vertical of the 1st and 2nd interfaces especially within such spin bulb films about a spin bulb film 
equipped with a freedom side ferromagnetism layer, the nonmagnetic' middle class who contacts a 
freedom side ferromagnetism layer in the 1st interface, and the fixed side ferromagnetism layer which 
contacts the nonmagnetic middle class in the 2nd interface. 
[0002] 

[Description of the Prior Art] With a CPP structure magneto-resistive effect arm head, the more the 
number of laminatings of the GMR (giant magneto-resistance) film by which a laminating is carried out 
increases, the more big resistance variation is obtained. As everyone knows, if resistance variation is 
large, the magnetic information on binary can be correctly read with the sense current of a small current 
value. The especially big resistance variation irrespective of contraction of core width of face with such 
CPP structure magneto-resistive effect arm heads is maintainable. It is thought that a CPP structure 
magneto-resistive effect arm head greatly contributes to much more densification of magnetic recording. 

[0003] 

[Problem(s) to be Solved by the Invention] However, if the laminating of many GMR films is carried 
out in this way, even if recording track density can improve with contraction of core width of face, the 
improvement in linear density, i.e., shortening of bit length, will be barred. The densification of 
magnetic recording cannot be attained as expected. And it is difficult to control the magnetic domain of 
a freedom side ferromagnetism layer by such CPP structure magneto-resistive effect arm heads. 
[0004] This invention was made in view of the above-mentioned actual condition, and aims at offering 
the CPP structure spin valve head which can obtain certainly big resistance variation with the small 
number of laminatings. 
[0005] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, according to the 1st 
invention, a CPP structure spin valve head characterized by having a freedom side ferromagnetism layer, 
a nonmagnetic interlayer who contacts a freedom side ferromagnetism layer in the 1st interface, a fixed 
side ferromagnetism layer which contacts a nonmagnetic interlayer in the 2nd interface, and an 
insulating layer separated from a nonmagnetic interlayer in a fixed side ferromagnetism layer is offered. 
[0006] Moreover, according to the 2nd invention, a CPP structure spin valve head characterized by 
having a freedom side ferromagnetism layer, a nonmagnetic interlayer who contacts a freedom side 
ferromagnetism layer in the 1st interface, a fixed side ferromagnetism layer which contacts a 
nonmagnetic interlayer in the 2nd interface, and an insulating layer separated from a nonmagnetic 
interlayer in a freedom side ferromagnetism layer is offered. 

[0007] In such CPP structure spin valve heads, the magnetization direction of a freedom side 
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ferromagnetism layer is rotated according to sense of a magnetic field which acts from the outside. In 
this way, rotation of the magnetization direction of a freedom side ferromagnetism layer changes electric 
resistance of a spin valve head a lot. If sense current circulates along the direction of a vertical of the 1st 
interface or the 2nd interface, according to change of electric resistance, change (for example, voltage 
change) of level will appear on sense current. 

[0008] At this time, sense current runs through an insulating layer in a spin valve head. It is thought that 
migration of an electron over an insulating layer is realized by work, a detailed defect, i.e., a pinhole, 
formed in an insulating layer. Current is concentrated on a pinhole. Consequently, in such spin valve 
heads, big resistance variation is realizable like the time of a passage cross section of current being 
reduced according to reversal of the magnetization direction established in a freedom side 
ferromagnetism layer. Such CPP structure spin valve heads can greatly contribute to much more 
densification of magnetic recording. And in such spin valve heads, resistance is reduced by condition 
about of 1/10 compared with the so-called tunnel junction magneto-resistive effect (TMR) element. The 
so-called generating of a thermal noise can be controlled. However, sense current should just be* 
equipped with the direction component of a vertical at least. 

[0009] An insulating layer should just contain a compound which consists of at least two kinds of 
elements. Others, a nitride and carbide, and boride can be contained in a compound at this time. [ oxide ] 
For example, an insulating layer may be put in one pair of fixed side ferromagnetism layers, or a 
freedom side [ one pair ] ferromagnetism layer. If in charge of formation of an insulating layer, 
deposition of a compound based on the sputtering method may be used, for example. In addition, an 
insulating layer can be formed if reactant elements, such as oxygen and nitrogen, are connected to the 
surface of a fixed side ferromagnetism layer or a freedom side ferromagnetism layer. 
[0010] Furthermore, according to the 3rd invention, a CPP structure spin valve head characterized by 
having a freedom side ferromagnetism layer, a nonmagnetic interlayer who contacts a freedom side 
ferromagnetism layer in the 1st interface, a fixed side ferromagnetism layer which contacts a 
nonmagnetic interlayer in the 2nd interface, the 1st insulating layer separated from a nonmagnetic 
interlayer in a fixed side ferromagnetism layer, and the 2nd insulating layer separated from a 
nonmagnetic interlayer in a freedom side ferromagnetism layer is offered. 

[001 1] According to such CPP structure spin valve heads, current is concentrated on a pinhole by work, 
a detailed defect, i.e., a pinhole, formed in an insulating layer, like the above-mentioned. Consequently, 
in such spin valve heads, big resistance variation is realizable like the time of a passage cross section of 
current being reduced according to reversal of the magnetization direction established in a freedom side 
ferromagnetism layer. And by this spin valve head, it is thought that the so-called speculer dispersion is 
attained between one pair of insulating layers. Consequently, according to the magnetization direction 
established in a freedom side ferromagnetism layer, still bigger resistance variation is realizable. 
[0012] In addition, such CPP structure spin valve heads should just be used, being included in a 
magnetic-recording data-medium driving gear called hard disk drive (HDD). 
[0013] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of this invention is explained, referring to 
an accompanying drawing. 

[0014] Drawing 1 shows roughly one example of a magnetic-recording data-medium driving gear, i.e., 
the internal structure of hard disk drive (HDD) 1 1 . This HDD1 1 is equipped with the main part 12 of a 
case of the cube type which divides the building envelope of a flat rectangular parallelepiped. The 
magnetic disk 13 of one or more sheets as a record medium is held in hold space. The axis of rotation of 
a spindle motor 14 is equipped with a magnetic disk 13. A spindle motor 14 can rotate a magnetic disk 
13 at high speed, such as for example, 7200rpm and lOOOOrpm. It is combined with the main part 12 of a 
case, the lid (not shown), i.e., covering, which seals hold space between the main parts 12 of a case. 
[0015] The carriage 16 rocked by the circumference of the pivot 15 prolonged perpendicularly is further 
held in hold space. This carriage 16 is equipped with the swinging arm 17 of the rigid body horizontally 
prolonged from a pivot 15, and the elastic suspension 18 which is attached at the tip of this swinging 
arm 17, and extends ahead from a swinging arm 17. As everyone knows, at the tip of the elastic 
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suspension 18, the cantilevered suspension of the surfacing head slider 19 is carried out by work of the 
so-called gimbal spring (not shown). It pushes against the surfacing head slider 19 from the elastic 
suspension 18 toward the surface of a magnetic disk 13, and the force acts on it. Buoyancy acts on the 
surfacing head slider 19 by work of the air current generated on the surface of a magnetic disk 13 based 
on rotation of a magnetic disk 13. The surfacing head slider 19 can continue surfacing with rigidity high 
in comparison during rotation of a magnetic disk 13 in the balance of the forcing force of the elastic 
suspension 18, and buoyancy. 

[0016] If carriage 16 rocks by the circumference of a pivot 15 during surfacing of such a surfacing head 
slider 19, the surfacing head slider 19 can cross the surface of a magnetic disk 13 to radial. Based on 
such migration, the surfacing head slider 19 is positioned in the recording track of the request on a 
magnetic disk 13. At this time, rocking of carriage 16 should just be realized through work of an 
actuat.or 21 called a voice coil motor (VCM). As everyone knows, when the magnetic disk 13 of two or 
more sheets is incorporated in the main part 12 of a case, two elastic suspensions 18 are carried to one 
swinging arm 17 between magnetic-disk 13 adjoining comrades. 

[0017] Drawing 2 shows one example of the surfacing head slider 19. This surfacing head slider 19 is 
aluminum 203 which is joined to the air outflow edge of the main part 22 of a slider made from 
aluminum2 03-TiC (Al Chick) formed in a flat rectangular parallelepiped, and this main part 22 of a 
slider, and builds in the read-out write-in arm head 23. It has the film ,24 with a built-in head element of 
make (alumina). It is specified on the main part 22 of a slider, and the film 24 with a built-in head 
element, the data-medium opposed face 25, i.e., the surfacing side, which counters a magnetic disk 13. 
The air current 26 generated based on rotation of a magnetic disk 13 is responded to by the surfacing 
side 25. 

[0018] The rail 27 of two muscles prolonged toward an air outflow edge from an airstream ON edge is 
formed in the surfacing side 25. So-called ABS (air bearing surface)28 is specified in the summit side of 
each rail 27. In ABS28, the above-mentioned buoyancy is generated according to work of an air current 
26. It was embedded on the film 24 with a built-in head element, and reads, and the write-in arm head 23 
is exposed by ABS28 so that it may be mentioned later. In addition, the gestalt of the surfacing head 
slider 19 is not restricted to such gestalten. 

[0019] Drawing 3 shows the situation of the surfacing side 25 to* details. The read-out write-in arm head 
23 is equipped with the CPP structure spin valve-head element 30 which reads binary information based 
on the resistance which changes according to the magnetic field which acts from a magnetic disk 13, and 
the induction write-in head element 31 which writes binary information in a magnetic disk 13 using the 
magnetic field which occurs by the electric conduction coil pattern (not shown). The spin valve-head 
element 30 is formed in the surface of the lower shield layer 32 which consists of materials, such as FeN 
and NiFe. The lower shield layer 32 is aluminum 203 which constitutes the bottom half layer of the 
above-mentioned film 24 with a built-in head element. It spreads on the surface of a film (alumina) 33. 
The spin valve-head element 30 is aluminum 203 by which a laminating is carried out to the surface of 
the lower shield layer 32. It is embedded at a non-magnetic layer 34 called a film (alumina). 
[0020] The spin valve-head element 30 is equipped with the bottom electrode terminal layer 35 which 
spreads along the surface of the basic layer 32, i.e., a lower shield layer. This bottom electrode terminal 
layer 35 should just be formed from conductive metallic materials, such as Au and Cu. The laminating 
of the spin bulb film 36 is carried out to the surface of the bottom electrode terminal layer 35. The 
details of the spin bulb film 36 are mentioned later. 

[0021] This spin bulb film 36 is put between one pair of magnetic-domain control films 37 which spread 
along the surface of the basic layer 32, i.e., a lower shield layer, similarly. The magnetic-domain control 
film 37 should just consist of CoCrPt(s). This magnetic-domain control film 37 can specify the 
magnetization direction as everyone knows along one direction which crosses the spin bulb film 36. By 
work of this magnetic-domain control film 37, single domain-ization of a freedom side ferromagnetism 
layer (freelayer) is realized within the spin bulb film 36. The spin bulb film 36 and the magnetic-domain 
control film 37 are embedded at the insulating layer 38 by which a laminating is carried out to the 
surface of the bottom electrode terminal layer 35. An insulating layer 38 is aluminum 203. A film and 
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Si02 What is necessary is just to consist of films. 

[0022] The up shield layer 39 spreads in the surface of an insulating layer 38. Besides, the section shield 
layer 39 puts the spin bulb film 36 between the lower shield layers 32. The up shield layer 39 should just 
consist of NiFe(s). The up shield layer 39 prolonged from the interval of an insulating layer 38 is caught 
by the surface of the spin bulb film 36. That is, the up shield layer 39 which contacts the spin bulb film 
36 in this way functions as a top electrode terminal layer of the spin valve-head element 30. Besides, 
sense current can be supplied to the spin bulb film 36 by work of the section shield layer 39 and the 
bottom electrode terminal layer 35. The up shield layer 39 and the magnetic-domain control film- 37 are 
mutually isolated by work of an insulating layer 38. 

[0023] The above up shield layers 39 function on coincidence as a lower magnetic pole layer of the 
induction write-in head element 31. That is, the nonmagnetic gap layer 40 is arranged in the surface of 
the up shield layer 39. The nonmagnetic gap layer 40 should just consist of aluminum 203 (alumina). 
On both sides of this nonmagnetic gap layer 40, the up magnetic pole layer 41 faces the up shield layer 
39. The up magnetic pole layer 41 should just consist of NiFe(s). As everyone knows, if a magnetic field 
occurs by the electric conduction coil pattern, by work of the nonmagnetic gap layer 40, the magnetic- 
flux style which goes back and forth the up magnetic pole layer 41 and the up shield layer 39 will leak 
from the surfacing side 25, and it will come out of it. In this way, it leaks and a record magnetic field 
(gap magnetic field) is formed of the magnetic-flux style which comes out. 
[0024] The up magnetic pole layer 41 is aluminum 203 which spreads along the surface of the 
nonmagnetic gap layer 40. It is covered with a film (alumina) 42. This aluminum 203 A film 42 
constitutes the top half layer of the above-mentioned film 24 with a built-in head element. Namely, 
aluminum 203 A film 42 is the above-mentioned aluminum 203. It collaborates with a film 33 and the 
head element internal-organs film 24 is constituted. 

[0025] Here, the structure of the spin bulb film 36 concerning the 1st operation gestalt of this invention 
is explained to details. This spin bulb film 36 is constituted by the single spin bulb film of a reverse 
laminated structure as shown in drawing 4 . That is, the spin bulb film 36 is equipped with the substrate 
layer 51 which spreads on the surface of the bottom electrode terminal layer 35. This substrate layer 51 
should just consist of Ta layer 51a of about 5.0nm of thickness which spreads on the surface of the 
bottom electrode terminal layer 35, and NiFe layer 51b of about 2.0nm of thickness which spreads on 
the surface of this Ta layer 51a. The antiferromagnetism layer (pinning layer) 52 which consists of 
PdPtMn layers of about 15.0nm of thickness lays on top of the surface of the substrate layer 51. 
[0026] The laminating of the fixed side ferromagnetism layer (pinned layer) 53 is carried out to the 
surface of the antiferromagnetism layer 52. The laminating of this fixed side ferromagnetism layer 53 is 
carried out to 1st a little more than magnetic layer 53a which spreads on the surface of the 
antiferromagnetism layer 52, for example, catches an insulating layer 54 on the surface, and the surface 
of an insulating layer 54, and it is equipped with 2nd a little more than magnetic layer 54b which puts an 
insulating layer 54 between 1st a little more than magnetic layer 53a. An insulating layer 54 should just 
be formed by the oxide film of for example, 1st a little more than magnetic layer 53a. 1st a little more 
than magnetic layer 53a and 2nd a little more than magnetic layer 53b should just consist of CoFeB 
layers of about 2.0nm of thickness. 

[0027] In the surface of the fixed side ferromagnetism layer 53, the laminating of the nonmagnetic 
interlayer 55 who consists of Cu(s) of about 2.8nm of thickness, and the freedom side ferromagnetism 
layer (free layer) 56 which consists of CoFeB layers of about 2.0nm of thickness is carried out to 
sequence. The laminating of the Ta layer 57 of about 5.0nm of thickness is carried out to the surface of 
the freedom side ferromagnetism layer 56. Cap layers (not shown), such as Cu layer of about lO.Onm of 
thickness and Au layer of about lO.Onm of thickness, may be formed in the surface of the Ta layer 57 in 
order. 

[0028] The 1 st interface BF is prescribed by such spin bulb films 36 among the freedom side 
ferromagnetism layers 56 and the nonmagnetic interlayers 55 who pile up mutually. Similarly, the 2nd 
interface BS is specified among the fixed side ferromagnetism layers 53 and the nonmagnetic interlayers 
55 who pile up mutually. An insulating layer 54 can be separated from the nonmagnetic interlayer 55 by 
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mediation of 2nd a little more than magnetic layer 53b in the fixed side ferromagnetism layer 53. 
[0029] If the spin valve-head element 30 is opposed to the surface of a magnetic disk 13 in read-out of 
magnetic information, by the spin bulb film 36, the magnetization direction of the freedom side 
ferromagnetism layer 56 will be rotated as everyone knows according to the sense of the magnetic field 
which acts from a magnetic disk 13. In this way, rotation of the magnetization direction of the freedom 
side ferromagnetism layer 56 changes the electric resistance of the spin bulb film 36 a lot/Therefore, if 
sense current is supplied to the spin bulb film 36 from the bottom shield layer 39 and the bottom 
electrode terminal layer 35, the level of the electrical signal taken out from the bottom shield layer 39 
and the bottom electrode terminal layer 35 according to change of electric resistance will change. Binary 
information can be read according to change of this level. 

[0030] At this time, the current which flows between the bottom shield layer 39 and the bottom 
electrode terminal layers 35 runs through an insulating layer 54 with the spin valve-head element 30. As 
shown in drawing 5 , it is thought that migration of the electron over an insulating layer 54 is realized by 
work, the detailed defect 58, i.e., the pinhole, formed in an insulating layer 54. Current is concentrated 
on a pinhole 58. Consequently, with such spin valve-head elements 30, big resistance variation is 
realizable like the time of the passage cross section of current being reduced according to reversal of the 
magnetization direction established in the freedom side ferromagnetism layer 5.6. It is detectable, 
change, i.e., voltage change, of level sufficient with the sense current of a small current value. 
Therefore, such CPP structure spin valve-head elements 30 can greatly contribute to reduction of much 
more densification of magnetic recording, or power consumption. And with such spin valve-head 
elements 30, resistance is reduced by the condition about of 1/10 compared with the so-called tunnel 
junction magneto-resistive effect (TMR) element. The so-called generating of a thermal noise can be 
controlled. And the magnetic domain of the freedom side ferromagnetism layer 56 is easily controllable 
by work of one pair of magnetic-domain control films 37 which put the spin bulb film 36 in comparison 
with such spin valve-head elements 30. 

[0031] Next, the manufacture method of the spin valve-head element 30 is explained briefly. As 
everyone knows, in the surface of the Al Chick wafer (not shown), it is aluminum 203. A film 33 is 
formed. This aluminum 203 Laminating formation of the lower shield layer 32 is carried out on a film 
33. Then, in the surface of the lower shield layer 32, i.e., a basiclayer, as shown in drawing 6 , 
laminating formation of the Au film 61 of about lO.Onm of thickness is carried out. This laminating is 
hit, for example, the sputtering method should just be used. The Au film 61 is modeled after the 
configuration of the bottom electrode terminal layer 35. Then, the laminating of the 1st material film 62 
which consists of same layer structures as the spin bulb film 36 is carried out to the surface of the Au 
film 61. The details of the formation production process of this 1st material film 62 are mentioned later. 
[0032] As shown in drawing 6 , on the 1st material film 62, the resist film 63 which a convention began 
to delete and was modeled after the configuration is formed continuously. For example, operation of ion 
milling processing shaves off the 1st material film 63 around the resist film 63, as shown in drawing 7 . 
In this way, the 1st material film 62 begins to be shaved by the 2nd material film 64 modeled after the 
regular configuration. The laminating of the CoCrPt layer 65 which puts between the surface of the Au 
film 61 the 2nd material film 64 which began to be shaved is carried out. The resist film 63 should just 
be removed after the laminating of the CoCrPt layer 65. In this way, the 2nd material film 64 and the 
CoCrPt layer 65 by which laminating formation was carried out at the regular configuration begin to be 
deleted as everyone knows by the long material 66 prolonged along with one straight line which crosses 
the 2nd material film 64. 

[0033] As shown in drawing 8 , on the Au film 61, laminating formation of the insulating material film 
67 is carried out continuously. The insulating material film 67 is completely covered for the long 
material 66, and covers it. The resist film 68 is formed in the surface of the insulating material film 67. 
For example, operation of RIE (reactive ion etching) processing shaves off the insulating material film 
67 around the resist film 68, as shown in drawing 9 . In this way, an insulating layer 38 begins to be 
deleted from the insulating material film 67. The surface of the spin bulb film 36 is exposed in the 
interval of an insulating layer 38. Then, the resist film 68 is removed. 
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[0034] As shown in drawing 10 , on an insulating layer 38, the laminating of the NiFe layer 69 is carried 
out further. This laminating is hit, for example, the sputtering method should just be used. The resist 
film 71 is formed in the surface of this NiFe layer 69. This resist film 71 models the configuration of the 
up shield layer 39. For example, operation of RIE processing shaves off the NiFe layer 69 around the 
resist film 71, as shown in drawing 1 1 . In this way, the up shield layer 39 begins to be deleted. Then, 
the resist film 71 is removed. . w . 

[0035] In this way, when the bottom electrode terminal layer 35, the spin bulb film 36, the magnetic- 
domain control film 37, an insulating layer 38, and the up shield layer 39 are formed, in the surface of 
the lower shield layer 32, it is aluminum 203. A film 34 is formed. The bottom electrode terminal layer 
35, the spin bulb film 36, the magnetic-domain control film 37, an insulating layer 38, and the up shield 
layer 39 are aluminum 203. It is embedded on a film 34 (for example, refer to drawing 3 ). Such 
aluminum 203 On the film 34, laminating formation of the nonmagnetic gap layer 40 and the up 
magnetic pole layer 41 of the induction write-in head element 31 is carried out as everyone knows at 
sequence. Such laminatings are preceded and it is aluminum 203. Flattening polishing processing may 
be carried out by the film 34. When this flattening polishing processing is carried out, the surface of the 
up shield layer 39 is aluminum 203. It can expose in the interval of a film 34. 

[0036] In formation of the material film 63, as shown in the surface of the bottom electrode terminal 
layer 35 at drawing 12 , laminating formation of the Ta layer 71 of about 5.0nm of thickness, the NiFe 
layer 72 of about 2.0nm of thickness, the PdPtMn layer 73 of about 15.0nm of thickness, and the CoFeB 
layer 74 of about 2.0nm of thickness is carried out at sequence. In such laminatings, for example, the 
sputtering method should just be enforced within a vacuum chamber. In a chamber, oxygen gas is 
introduced behind the laminating of the CoFeB layer 74. Consequently, the surface of the CoFeB layer 
74 oxidizes. An oxide film is formed in the surface of the CoFeB layer 74 by this oxidation reaction. 
Then, on an oxide film, laminating formation of the CoFeB layer of about 2.0nm of thickness, Cu layer 
of about 2.8nm of thickness, the CoFeB layer of about 2.0nm of thickness, and the Ta layer of about 
5.0nm of thickness is carried out successively. In the surface of Ta layer, laminating formation of Cu 
layer of about lO.Onm of thickness or the Au layer of about lO.Onm of thickness may be carried out 
further. 

[0037] In forming an insulating layer 54 in the spin bulb film 36, by the manufacture method of such 
spin valve-head elements 30, oxygen gas should just be introduced in a chamber like the formation fault 
of the existing spin bulb film. Formation of an insulating layer 54 is easily realizable in comparison, 
diverting the existing manufacture method. The existing manufacturing installation can be used. 
However, it replaces with installation of oxygen gas and the oxygen plasma may be used. 
[0038] The above spin bulb films 36 may be constituted by the single spin bulb film of an order 
laminated structure as shown in drawing 13 . That is, by this spin bulb film 36, the freedom side 
ferromagnetism layer 56, the nonmagnetic interlayer 55, the fixed side ferromagnetism layer 53, the 
antiferromagnetism layer 52, and the Ta layer 57 lay on top of the surface of the substrate layer 51 
successively. Between the freedom side ferromagnetism layer 56 and the nonmagnetic interlayer 55, the 
1st interface BF is specified like the above-mentioned. The 2nd interface BS is specified between the 
fixed side ferromagnetism layer 53 and the nonmagnetic interlayer 55. In the fixed side ferromagnetism 
layer 53, an insulating layer 54 is put between the 1st and the 2nd a little more than magnetic layers 53a 
and 53b. An insulating layer 54 can be separated from the nonmagnetic interlayer 55 by mediation of 1st 
a little more than magnetic layer 53a. Such insulating layers 54 should just consist of oxide films formed 
in the surface of 1st a little more than magnetic layer 53a like the above-mentioned. 
[0039] Drawing 14 shows the structure of spin bulb film 36a concerning the 2nd operation gestalt of this 
invention. A laminating ferry structure film is used for the fixed side ferromagnetism layer 53 in this 
spin bulb film 36a. This laminating ferry structure film is equipped with 2nd a little more than magnetic 
layer 75b which puts the Ru layer 76 of about 0.8nm of thickness between 1st a little more than 
magnetic layer 75a which spreads on the surface of the antiferromagnetism layer 52, and this 1st a little 
more than magnetic layer 75a. An insulating layer 54 is formed in the surface of 2nd a little more than 
magnetic layer 75b like the above-mentioned. The laminating of the 3rd a little more than magnetic 
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layer 75c is further carried out to the surface of an insulating layer 54. In this way, an insulating layer 54 
can be separated from the nonmagnetic interlayer 55 by mediation of 3rd a little more than magnetic 
layer 75c. At this time, each ferromagnetic layers 75a-75c should just consist of CoFeB layers of about 
2.0nm of thickness. According to adoption of such a laminating ferry structure film, as a result of fixing 
firmly the magnetization direction of the.fixed side ferromagnetism layer 53, compared with the above- 
mentioned spin bulb film 36, still bigger resistance variation is realizable. In addition, the same 
reference mark is given to the configuration which realizes the same operation and same function as the 
above-mentioned. The overlapping explanation is omitted. 

[0040] Drawing 15 shows the structure of spin bulb film 36b concerning the 3rd operation gestalt of this 
invention. In this spin bulb film 36b, insulating-layer 54b is put between the freedom side 
ferromagnetism layer 56 and the Ta layer 57. Such insulating-layer 54b should just consist of for 
example, oxide films. Insulating-layer 54b can be separated from the nonmagnetic interlayer 55 by 
mediation of the freedom side ferromagnetism layer 56. At this time, the thickness of the fixed side 
ferromagnetism layer 53 or the freedom side ferromagnetism layer 56 should just be respectively set, for 
example as about 2.0nm. According to such spin bulb film 36b, according to the magnetization direction 
established in the freedom side ferromagnetism layer 56, big resistance variation is realizable like the 
above-mentioned spin bulb films 36 and 36a. 

[0041] An oxide film is Fe 203 of about 2.0nm of thickness by which laminating formation is carried . 
out on the surface of the freedom side ferromagnetism layer 56. A layer and aluminum 203 What is 
necessary is just to consist of layers. For example, the sputtering method should just be used for such 
laminating formation. In addition, in formation of an oxide film, like the above-mentioned, oxygen gas 
may be introduced in a chamber after membrane formation of the freedom side ferromagnetism layer 56, 
and the oxygen plasma may be introduced in a chamber. Sijch oxygen gas and oxygen plasma trigger 
oxidation reaction on the surface of the freedom side ferromagnetism layer 56. Consequently, an oxide 
film is formed in the surface of the freedom side ferromagnetism layer 56. In such cases, oxidizing 
zones-ed, such as Cu layer of about 2.0nm of thickness and Ta layer of about l.Onm of thickness, may 
be formed by the surface of the freedom side ferromagnetism layer 56 in advance of installation of 
oxygen gas or the oxygen plasma. . 
[0042] With this 3rd operation gestalt, a laminating ferry structure' film is used for the fixed side 
ferromagnetism layer 53 like the above-mentioned spin bulb film 36a. This laminating ferry structure 
film is equipped with 2nd a little more than magnetic layer 75e which puts the Ru layer 76 of about 
0.8nm of thickness between the 75d of the 1st a little more than magnetic layer which spreads on the 
surface of the antiferromagnetism layer 52, and the 75 d of this 1st a little more than magnetic layer. The 
75d of the 1st a little more than magnetic layers should just consist of CoFeB layers of about 2.0nm of 
thickness. On the other hand, 2nd a little more than magnetic layer 75e should just be constituted by the 
CoFeB layer of about 2.5nm of thickness. According to adoption of such a laminating ferry structure 
film, as a result of fixing firmly the magnetization direction of the fixed side ferromagnetism layer 53, 
compared with the case where a CoFeB layer is simply adopted as the fixed side ferromagnetism layer 
53, big resistance variation is realizable. However, a laminating ferry structure film does not necessarily 
need to be used for the fixed side ferromagnetism layer 53. In addition, the same reference mark is given 
to the configuration which realizes the same operation and same function as the above-mentioned. The 
overlapping explanation is omitted. 

[0043] With this 3rd operation gestalt, the joint filter layer 77, i.e., Cu layer, may be put between the 
freedom side ferromagnetism layer 56 and insulating-layer 54b so that clearly from drawing 15 . Such 
Cu layers 77 can fully weaken the coercive force He of the freedom side ferromagnetism layer 56 so that 
it may be mentioned later. Moreover, insulating-layer 54b may be formed into the freedom side 
ferromagnetism layer 56, as shown in drawing 16 . Such insulating-layer 54b should just consist of 
oxide films put between the 1st and the 2nd a little more than magnetic layers 56a and 56b. Insulating- 
layer 54b can be separated from the nonmagnetic interlayer 55 by mediation of 1st a little more than 
magnetic layer 56a. At this time, the thickness of the 1st and the 2nd a little more than magnetic layers 
56a and 56b should just be respectively set as about 2.0nm. The thickness of the fixed side 
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ferromagnetism layer 53 should just be set as about 2.0nm. 

[0044] Drawing 1 7 shows the structure of spin bulb film 36c concerning the 4th operation gestalt of this 
invention. In addition to the insulating layer 54 formed into the fixed side ferromagnetism layer 53 as 
mentioned above, in this spin bulb film 36c, insulating-layer 54c is put between the freedom side 
ferromagnetism layer 56 and the Ta layer 57. An insulating layer 54 can be separated from the 
nonmagnetic interlayer 55 like the above-mentioned by mediation of 3rd a little more than magnetic 
layer 79c in the fixed side ferromagnetism layer 53. On the other hand, insulating-layer 54c can be 
separated from the nonmagnetic interlayer 55 by mediation of the freedom side ferromagnetism layer 
56. According to such spin bulb film 36c, according to the magnetization direction established in the 
freedom side ferromagnetism layer 56, big resistance variation is realizable like the above-mentioned 
spin bulb films 36, 36a, and 36b. In addition, the same reference mark is given to the configuration 
which realizes the same operation and same function as the above-mentioned. The overlapping 
explanation is omitted. However, a laminating ferry structure film does not necessarily need to be used 
for the fixed side ferromagnetism layer 53 like the above-mentioned. 

[0045] Insulating-layer 54c is Fe 203 of about 2.0nm of thickness by which laminating formation is 
carried out on the surface of the freedom side ferromagnetism layer 56 like the above-mentioned 
insulating-layer 54b. A layer and aluminum 203 What is necessary is just to consist of layers. For 
example, the sputtering method should just be used for such laminating formation. In addition, in 
formation of an oxide film, like the above-mentioned, oxygen gas may be introduced in a chamber after 
membrane formation of the freedom side ferromagnetism layer 56, and the oxygen plasma may be 
introduced in a chamber. Such oxygen gas and oxygen plasma trigger oxidation reaction on the surface 
of the freedom side ferromagnetism layer 56. Consequently, an oxide film is formed in the surface of the 
freedom side ferromagnetism layer 56. In such cases, oxidizing zones-ed, such as Cu layer of about 
2.0nm of thickness and Ta layer of about l.Onm of thickness, may be formed by the surface of the 
freedom side ferromagnetism layer 56 in advance of installation of oxygen gas or the oxygen plasma. 
[0046] Especially by spin bulb film 36c concerning this 4th operation gestalt, as shown, for example in 
drawing 18 , it is thought that the so-called speculer dispersion is realized between one pair of insulating 
layers 54 and 54c. Consequently, according to the magnetization direction established in the freedom 
side ferromagnetism layer 56, still bigger resistance variation can be attained so that it may be 
mentioned later. In addition, with this 4th operation gestalt, as shown, for example in drawing 19 , it 
may be put between the freedom side ferromagnetism layer 56 and insulating-layer 54c, above- 
mentioned joint filter layer 77, i.e., Cu layer. 

[0047] Drawing 20 shows the structure of 36d of spin bulb films concerning the 5th operation gestalt of 
this invention. 36d of this spin bulb film is constituted by the so-called dual spin bulb film. That is, by 
36d of this spin bulb film, the substrate layer 51, the antiferromagnetism layer 52, the fixed side 
ferromagnetism layer 53 that puts an insulating layer 54, the nonmagnetic interlayer 55, and the freedom 
side ferromagnetism layer 56 are accumulated in order like the above-mentioned. An insulating layer 54 
can be separated from the nonmagnetic interlayer 55 by mediation of 3rd a little more than magnetic 
layer 79c in the fixed side ferromagnetism layer 53. 

[0048] And on this freedom side ferromagnetism layer 56, **** 78 in nonmagnetic, the fixed side 
ferromagnetism layer 79, the antiferromagnetism layer 80, and the Ta layer 57 pile up in order. Between 
the freedom side ferromagnetism layer 56 and the nonmagnetic interlayer 78, the 1st interface BF is 
specified like the above-mentioned. The 2nd interface BS is prescribed between the fixed side 
ferromagnetism layer 79 and the nonmagnetic interlayer 78 by on the other hand. The same reference 
mark is given to the configuration which realizes the same operation and same function as the above- 
mentioned. The overlapping explanation is omitted. 

[0049] With this 5th operation gestalt, a laminating ferry structure film is used for the fixed side 
ferromagnetism layer 79 like the above-mentioned. The laminating of this laminating ferry structure film 
is carried out to 1st a little more than magnetic layer 79a which spreads on the nonmagnetic interlayer's 
78 surface, for example, catches 54d of insulating layers on the surface, and the surface of 54d of 
insulating layers, and it is equipped with 2nd a little more than magnetic layer 79b which puts 54d of 
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insulating layers between 1st a little more than magnetic layer 79a. In this way, 54d of insulating layers 
can be separated from the nonmagnetic interlayer 78 by mediation of 1st a little more than magnetic 
layer 79a. At this time, 54d of insulating layers should just be formed by the oxide film of for example, 
1st a little more than magnetic layer 79a. The laminating of the Ru layer 76 of about 0.8nm of thickness 
is carried out to the surface of 2nd a little more than magnetic layer 79b. The laminating of the 3rd a 
little more than magnetic layer 79c is further carried out to the surface of the Ru layer 76. Each 
ferromagnetic layers 79a-79c should just consist of CoFeB layers of about 2.0nm of thickness. In 
addition, the nonmagnetic interlayer 78 and the antiferromagnetism layer 80 should just be constituted 
like the above-mentioned nonmagnetic interlayer 55 or the antiferromagnetism layer 52. 
[0050] According to 36d of such spin bulb films, according to the magnetization direction established in 
the freedom side ferromagnetism layer 56, big resistance variation is realizable like the above-mentioned 
spin bulb films 36, 36a-36c. However, a laminating ferry structure film does not necessarily need to be 
used for the fixed side ferromagnetism layers 53 and 79 like the above-mentioned. 
[0051] Drawing 21 shows the structure of spin bulb film 36e concerning the 6th operation gestalt of this 
invention. In this spin bulb film 36e, insulating-layer 54e is further formed into the freedom side 
ferromagnetism layer 56 by 36d of spin bulb films concerning the above-mentioned 5th operation 
gestalt. Such insulating-layer 54e should just consist of for example, oxide films; Insulating-layer 54e 
can be separated from each nonmagnetic interlayers 55 and 78 by mediation of each ferromagnetic 
layers 56a and 56b! At this time, the thickness of the ferromagnetic layers 56a and 56b should just be 
respectively set as about 2.0nm. In addition, the same reference mark is given to the configuration which 
realizes the same operation and same function as the above-mentioned. The overlapping explanation is 
omitted. However, a laminating ferry structure film does not necessarily need to be used for the fixed 
side ferromagnetism layers 53 and 79 like the above-mentioned. 

[0052] According to such spin bulb film 36e, according to the magnetization direction established in the 
freedom side ferromagnetism layer 56, big resistance variation is realizable like the above-mentioned 
spin bulb films 36, 36a-36d. Especially, by this spin bulb film 36e, it is thought like the above- 
mentioned that the so-called speculer dispersion is attained between insulating layers 54d and 54e and 
among insulating layers 54e and 54. Consequently, according to the magnetization direction established 
in the freedom side ferromagnetism layer 56, still bigger resistance variation can be attained so that it 
may be mentioned later. 

[0053] An oxide film is Fe 203 of about 2.0nm of thickness by which laminating formation is carried 
out on the surface of 1st a little more than magnetic layer 56a. A layer and aluminum 203 What is 
necessary is just to consist of layers. For example, the sputtering method should just be used for such 
laminating formation. In addition, in formation of an oxide film, like the above-mentioned, oxygen gas 
may be introduced in a chamber after membrane formation of 1st a little more than magnetic layer 56a, 
and the oxygen plasma may be introduced in a chamber. Such oxygen gas and oxygen plasma trigger 
oxidation reaction on the surface of for example, 1st a little more than magnetic layer 56a. 
Consequently, an oxide film is formed in the surface of 1st a little more than magnetic layer 56a. In such 
cases, oxidizing zones-ed, such as Cu layer of about 2.0nm of thickness and Ta layer of about l.Onm of 
thickness, may be formed by the surface of 1st a little more than magnetic layer 56a in advance of 
installation of oxygen gas or the oxygen plasma. 

[0054] With this 6th operation gestalt, as shown in drawing 22 , the joint filter layer 77, i.e., Cu layer, 
may be put in the freedom side ferromagnetism layer 56 further again, respectively between each 
ferromagnetic layers 56a and 56b and insulating-layer 54e. In addition, the same reference mark is given 
to the configuration which realizes the same operation and same function as the above-mentioned in 
drawing 22 . The overlapping explanation is omitted. However, a laminating ferry structure film does 
not necessarily need to be used for the fixed side ferromagnetism layers 53 and 79 like the above- 
mentioned. 

[0055] Drawing 23 shows the structure of 36f of spin bulb films concerning the 7th operation gestalt of 
this invention. 36f of this spin bulb film is constituted by the dual spin bulb film which shares an 
antiferromagnetism layer between the spin bulb film of one pair of upper and lower sides. That is, the 
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freedom side ferromagnetism layer 56, the nonmagnetic interlayer 55, the fixed side ferromagnetism 
layer 53, and the antiferromagnetism layer 52 lay on top of the surface of the substrate layer 51. 
successively. 54f of insulating layers is formed into the freedom side ferromagnetism layer 56. 54f of 
such insulating layers should just consist of oxide films put between the 1st and the 2nd a little more 
than magnetic layers 56a and 56b. 54f of insulating layers can be separated from the nonmagnetic 
interlayer 55 by mediation of 2nd a little more than magnetic layer 56b. At this time, the tbickhess of the 
1st and the 2nd a little more than magnetic layers 56a and 56b should just be respectively set as about 
2.0nm. 

[0056] A laminating ferry structure film is used for the fixed side ferromagnetism layer 53. This 
laminating ferry structure film should just be equipped with 2nd a little more than magnetic layer 75e 
which puts the Ru layer 76 of about 0.8nm of thickness between the 75d of the 1st a little more than 
magnetic layer which spreads on the nonmagnetic interlayer' s 55 surface, and the 75d of this 1st a little 
more than magnetic layer. The 75d of the 1st a little more than magnetic layers should just consist of 
CoFeB layers of about 2.5nm of thickness. On the other hand, 2nd a little more than magnetic layer 75e 
should just be constituted by the CoFeB layer of about 2.0nm of thickness. However, a laminating ferry 
structure film does not necessarily need to be used for the fixed side ferromagnetism layer 53 like the 
above-mentioned. In addition, the same reference mark is given to the configuration which realizes the 
same operation and same function as the above-mentioned. The overlapping explanation is omitted. 
[0057] By 36f of this spin bulb film, the fixed side ferromagnetism layer 83, the nonmagnetic interlayer 
84, the freedom side ferromagnetism layer 85, and the Ta layer 57 are accumulated in order on the 
antiferromagnetism layer 52. Between the freedom side ferromagnetism layer 85 and the nonmagnetic 
interlayer 84, the 1st interface BF is specified like the above-mentioned. The 2nd interface BS is 
specified between the fixed side ferromagnetism layer 83 and the nonmagnetic interlayer 84. 
[0058] 54g of insulating layers is put between the freedom side ferromagnetism layer 85 and the Ta 
layer 57. 54g of such insulating layers is Fe 203 of about 2.0nm of thickness like the above-mentioned. 
What is necessary is just to consist of layers. Fe 203 Laminating formation of the layer should just be 
carried out for example, by the sputtering method. In this way, 54g of insulating layers can be separated 
from the nonmagnetic interlayer 84 by mediation of the freedom side ferromagnetism layer 85. At this 
time, the thickness of the freedom side ferromagnetism layer 85 should just be set as about 2.0nm. The 
nonmagnetic interlayer 84 should just be constituted like the above-mentioned nonmagnetic interlayer 
55. 

[0059] A laminating ferry structure film is used for the fixed side ferromagnetism layer 83 at this time. 
This laminating ferry structure film should just be equipped with 2nd a little more than magnetic layer 
75e which puts the Ru layer 76 of about 0.8nm of thickness between the 75d of the 1st a little more than 
magnetic layer which spreads on the surface of the antiferromagnetism layer 52, and the 75d of this 1st a 
little more than magnetic layer. The 75d of the 1st a little more than magnetic layers should just consist 
of CoFeB layers of about 2.0nm of thickness. On the other hand, 2nd a little more than magnetic layer 
75e should just be constituted by the CoFeB layer of about 2.5nm of thickness. However, a laminating 
ferry structure film does not necessarily need to be used for the fixed side ferromagnetism layer 83 like 
the above-mentioned. According to 36f of such spin bulb films, according to the magnetization direction 
established in the freedom side ferromagnetism layers 56 and 85, big resistance variation is realizable 
like the above-mentioned spin bulb films 36, 36a-36e. 

[0060] Resistance variation was surveyed with the above CPP structure spin valve-head elements 30. 16 
kinds of spin bulb films were prepared in this observation. As shown in drawing 4 , the spin bulb film 36 
concerning the above-mentioned 1st operation gestalt was built into the spin valve-head element 
concerning a sample (al). As shown in drawing 14 , spin bulb film 36a concerning the above-mentioned 
2nd operation gestalt was included in the spin valve-head element concerning a sample (bl). 
[0061] Spin bulb film 36b concerning the above-mentioned 3rd operation gestalt was included in the 
spin valve-head element concerning sample (cl) - (c4). However, by the sample (cl), as shown in 
drawing 15 , it is in charge of formation of insulating-layer 54b, and in the surface of the freedom side 
ferromagnetism layer 56, it is Fe 203 with the sputtering method. A layer and aluminum 203 The 
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laminating of the layer was carried out. Moreover, by the sample (c2), the surface of the freedom side 
ferromagnetism layer 56 was put to oxygen gas in formation of insulating-layer 54b. Furthermore, by 
the sample (c3), the surface of the freedom side ferromagnetism layer 56 was put to the oxygen plasma 
in formation of 'insulating-layer 54b. The Cu layer 77 was put also between neither of the cases, the case 
between the freedom side ferromagnetism layer 56 and insulating-layer 54b. By the sample (c4), as 
shown in drawing 16 , insulating-layer 54b was embedded into the freedom side ferromagnetism layer 
56 further again. It is in charge of formation of this insulating-layer 54b, and is Fe 203 with the 
sputtering method in the surface of 1st a little more than magnetic layer 56a. A layer and aluminum 203 
The laminating of the layer was carried out. • . • 

[0062] Spin bulb film 36c concerning the above-mentioned 4th operation gestalt was included in the 
spin valve-head element concerning sample (dl) - (d4). However, by the sample (dl), as shown in 
drawing 17 , it is in charge of formation of insulating-layer 54c, and in the surface of the freedom side 
ferromagnetism layer 56, it is Fe 203 with the sputtering method. A layer and aluminum 203 The 
laminating of the layer was carried out. Moreover, by the sample (d2), the surface of the freedom side 
ferromagnetism layer 56 was put to oxygen gas in formation of insulating-layer 54c. Furthermore, by the 
sample (d3), the surface of the freedom side ferromagnetism layer 56 was put to the oxygen plasma in 
formation of insulating-layer 54c. The Cu layer 77 was put also between neither of the cases, the case 
between the freedom side ferromagnetism layer 56 and insulating-layer 54c: By the sample (d4), as 
shown in drawing 19 , the joint filter layer 77, i.e., Cu layer, was put between the freedom side 
ferromagnetism layer 56 and insulating-layer 54c further again. At this time, it is in charge of formation 
of insulating-layer 54c, and is Fe 203 with the sputtering method on the Cu layer 77. A layer and 
aluminum 203 The laminating of the layer was carried out. 

[0063] As shown in drawing 20 , 36d of spin bulb films concerning the above-mentioned 5th operation 
gestalt was built into the spin valve-head element concerning a sample (el) further again. Similarly, spin 
bulb film 36e concerning the above-mentioned 6th operation gestalt was included in the spin valve-head 
element concerning sample (fl) - (f4). However, by the sample (fl), as shown in drawing 21 , it is in 
charge of formation of insulating-layer 54e, and in the surface of ferromagnetic layer 56a, it is Fe 203 
with the sputtering method. A layer and aluminum 203 The laminating of the layer was earned out. 
Moreover by the sample (f2), the surface of ferromagnetic layer 56a was put to oxygen gas in formation 
of insulating-layer 54e. Furthermore, by the sample (D), the surface of ferromagnetic layer 56a was put 
to the oxygen plasma in formation of insulating-layer 54e. The Cu layer 77 was put also between neither 
of the cases the case between the ferromagnetic layers 56a and 56b and insulating-layer 54e. By the 
sample (f4),' as shown in drawing 22 , the joint filter layer 11, i.e., Cu layer, was put further again 
between each ferromagnetic layers 56a and 56b and insulating-layer 54e. At this time, it is in charge of 
formation of insulating-layer 54e, and is Fe 203 with the sputtering method on the Cu layer 77. A layer 
and aluminum 203 The laminating of the layer was carried out. In addition, as shown in drawing 23 , 
36f of spin bulb films concerning the above-mentioned 7th operation gestalt was built into the spin 
valve-head element concerning a sample (gl). 

[0064] In this observation, four kinds of examples of a comparison were prepared. With the spin valve- 
head element concerning a sample (aO), the insulating layer 54 was removed from the above-mentioned 
sample (al) The thickness of the fixed side ferromagnetism layer 53 was set as 4.5nm. With the spin 
valve-head element concerning a sample (bO), the insulating layer 54 was removed from the above- 
mentioned sample (bl). At this time, the thickness of a ferromagnetic layer in contact with the 
nonmagnetic interlayer 55 was set as 2.5 micrometers. With the spin valve-head element concerning a 
sample (eO), insulating layers 54 and 54d were removed from the above-mentioned sample (el). The 
thickness of a ferromagnetic layer in contact with the nonmagnetic interlayers 55 and 78 was 
respectively set as 2.5 micrometers. Furthermore, with the spin valve-head element concerning a sample 
(gO), insulating layers 54f and 54g were removed from the above-mentioned sample (gl). [Table 1] - [a 
table 4] was obtained as a result of such an observation. 
[0065] 
[A table 1] 
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[0069] [Table 1] The sample from which the insulating layer was removed so that clearly from - [a table 
4] (a0), (bO) -- and, (eO) (gO) comparing - a sample (al), (bl), - (cl) (c4), (el), and - (fl) (f4) - and 
(gl) — **** ~ large ~ element size 1.0micrometer2 Resistance variation **R at the time increased. 
Consequently, based on insertion of insulating layers 54, 54b-54g, it was checked that resistance 
variation **R of the spin valve-head element 30 increases, especially — a sample (cl), (c4), (dl), and 
(d4) — and (fl) (f4) like The sputtering method is used and it is Fe 203. A layer and aluminum 203 
With the spin valve-head element 30 in which an oxide film called a layer was formed Remarkable big 
resistance variation deltaR was attained compared with the spin valve-head element in which the oxide 
film was formed based on installation and the oxygen plasma of oxygen gas. And so that clearly from 
sample (dl) - (d4) and sample (fl) - (f4) The insulating layers 54 and 54d separated from the 
nonmagnetic interlayers 55 and 78 in the fixed side ferromagnetism layer 53 and the ferromagnetic 
layers 53b and 79a in 79, It was checked with the spin valve-head element 30 which equips coincidence 
with the insulating layers 54c and 54e separated from the nonmagnetic middle class 55 and 78 in the 
freedom side ferromagnetism layers 56, 56a, and 56b that resistance variation **R increases remarkably. 

[0070] Furthermore, an artificer is [ oxidation time amount i.e., the introductory persistence time of 
oxygen gas, and ] 2 1 micrometer at the above-mentioned sample (bl). The resistance R at the time and 
relation with resistance variation deltaR were verified. At this time, the amount of installation of oxygen 
was set as 0.2 [seem]. As shown in drawing 24 (a) and (b), when oxidation time amount exceeded 100 
[s] " it was checked that high resistance variation **R and MR ratio are realized. 

[0071] It is [ the thickness of insulating-layer 54b, and ] 2 1 micrometer at the sample (cl) of the above- 
mentioned [ an artificer ] further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. As shown in drawing 25 (a) and (b), when the thickness of insulating- 
layer 54b was set as 3.0nm, it was checked that resistance variation **R and MR ratio show maximum. 
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[0072] It is [ oxidation time amount, i.e., the introductory persistence time of oxygen gas, and ] 2 1 
micrometer at the sample (c2) of the above-mentioned [ an artificer ] further again. The resistance R at 
the time and relation with resistance variation deltaR were verified. At this time, the amount of 
installation of oxygen was set as 0.2 [seem]. As shown in drawing 26 (a) and (b), when oxidation time 
amount exceeded 100 [s], it was checked that high resistance variation **R and MR ratio are realized. 
[0073] It is [ oxidation time amount, i.e., the application persistence time of the oxygen plasma, and ] 2 
1 micrometer at the sample (c3) of the above-mentioned [ an artificer ] further again. The resistance R at 
the time and relation with resistance variation deltaR were verified. At this time, oxygen pressure was 
set as 1.0 [Pa]. As shown in drawing 27 (a) and (b), when oxidation time amount exceeded 300 [s], it 
was checked that high resistance variation **R is attained. When oxidation time amount was set as 300 
[s], it was checked that MR ratio shows maximum. 

[0074] It is [ the thickness of insulating-layer 54c, and ] 2 1 micrometer at the sample (dl) of the above- 
mentioned [ an artificer ] further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. As shown in drawing 28 (a) and (b), when the thickness of insulating- 
layer 54c was set as 3.0nm, it was checked that resistance variation **R and MR ratio show maximum. , 
[0075] It is [ the oxidation time amount of the freedom side ferromagnetism layer 56, i.e., the 
introductory persistence time of oxygen gas, and ] 2 1 micrometer at the sample (d2) of the above- 
mentioned [ an artificer ] further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. At this time, the amount of installation of oxygen was set as 0.2 [seem]. 
As shown in drawing 29 (a) and (b), when oxidation time amount exceeded 100 [s], it was checked that 
high resistance variation **R and MR ratio are realized. 

[0076] It is [ the oxidation time amount of the freedom side ferromagnetism layer 56, i.e., the 
application persistence time of the oxygen plasma, and ] 2, 1 micrometer at the sample (d3) of the above- 
mentioned [ an artificer ] further again. The resistance R at tlie time and relation with resistance 
variation deltaR were verified. At this time, oxygen pressure was set as 1.0 [Pa]. As shown in drawing 
30 (a) and (b), when oxidation time amount exceeded 300 [s], it was checked that high resistance 
variation **R is attained. When oxidation time amount was set as 300 [s], it was checked that MR ratio 
shows maximum. 

[0077] Furthermore, the artificer verified the relation between the* thickness of the joint filter layer 77, 
i.e., Cu layer, and resistance variation **R by the above-mentioned sample (d4). Consequently, with the 
CPP structure spin valve-head element 30, it was checked irrespective of the thickness of the Cu layer 
77 that fixed resistance variation **R is attained so that clearly from drawing 3 1 (a). And when the 
thickness of the Cu layer 77 exceeded l.Onm, it was checked that the coercive force He of the freedom 
side ferromagnetism layer 56 declines remarkably. The effect of the joint filter layer 77, i.e., Cu layer, 
was proved. Especially the thickness of the Cu layer 77 is wanted to be set as 2.0nm or more. 
[0078] As it is one of these, for example, is shown in drawing 31 (b), with the so-called CIP (current in- 
the-plane) structure spin valve-head element, resistance variation **R will decrease as the thickness of a 
joint filter layer, i.e.,.Cu layer, increases. With this CIP structure spin valve-head element, current was 
supplied to spin bulb film 36c from one pair of electrode terminals which put spin bulb film 36c from 
both sides as everyone knows along the surface of the non-magnetic layer by which a laminating is 
carried out for example, on the above-mentioned lower shield layer 32, or a magnetic-domain control 
film. 

[0079] It is [ the thickness of insulating-layer 54e, and ] 2 1 micrometer at the sample (fl) of the above- 
mentioned [ an artificer ] further again. The resistance R at the time and relation with resistance 
variation deltaR were verified. As shown in drawing 32 (a) arid (b), when the thickness of insulating- 
layer 54e was set as 3.0nm, it was checked that resistance variation **R and MR ratio show maximum. 
[0080] It is [ the oxidation time amount of ferromagnetic layer 56a, i.e., the application persistence time 
of the oxygen plasma, and ] 2 1 micrometer at the sample (fi) of the above-mentioned [ an artificer ] 
further again. The resistance R at the time and relation with resistance variation deltaR were verified. At 
this time, oxygen pressure was set as 1.0 [Pa]. As shown in drawing 33 (a) and (b), when oxidation time 
amount was set as 300 [s], it was checked that resistance variation **R and MR ratio show ********. 
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[0081] In addition, the above insulating layers 54, 54b-54g should just contain the compound which 
consists of at least two or more kinds of elements. Others, a nitride and carbide* and boride can be 
contained in such compounds. [ oxide / above-mentioned ] 

[0082] (Additional remark 1) CPP structure spin valve head characterized by having a freedom side 
ferromagnetism layer, the nonmagnetic interlayer who contacts a freedom side ferromagnetism layer in 
the 1st interface, the fixed side ferromagnetism layer which contacts a nonmagnetic interlayer in the 2nd 
interface, and the insulating layer separated from a nonmagnetic interlayer in a fixed side 
ferromagnetism layer. 

[0083] (Additional remark 2) It is the CPP structure spin valve head characterized by including the 
compound with which said insulating layer consists of at least two kinds of elements in the CPP 
structure spin valve head of a publication in additional remark 1 . 

[0084] (Additional remark 3) It is the CPP structure spin valve head characterized by said compound 
being an oxide in a CPP structure spin valve head given in additional remark 2. ' 
[0085] (Additional remark 4) It is the CPP structure spin valve head characterized by putting said 
insulating layer in one pair of fixed side ferromagnetism layers in a CPP structure spin valve head given 
in additional remark 1. 

[0086] (Additional remark 5) CPP structure spin valve head characterized by having a freedom side 
ferromagnetism layer, the nonmagnetic interlayer who contacts a freedom side ferromagnetism layer in 
the 1st interface, the fixed side ferromagnetism layer which contacts a nonmagnetic interlayer in the 2nd 
interface, and the insulating layer separated from a nonmagnetic interlayer in a freedom side 
ferromagnetism layer. 

[0087] (Additional remark 6) It is the CPP structure spin valve head characterized by including the 
compound with which said insulating layer consists of at least two kinds of elements in the CPP 
structure spin valve head of a publication in additional remark 5. 

[0088] (Additional remark 7) It is the CPP structure spin valve head characterized by said compound 
being an oxide in a CPP structure spin valve head given in additional remark 6, 
[0089] (Additional remark 8) It is the CPP structure spin valve head characterized by putting said 
insulating layer in a freedom side [ one pair ] ferromagnetism layer in a CPP structure spin valve head 
given in additional remark 5. 

[0090] (Additional remark 9) CPP structure spin valve head characterized by having further the 
insulating layer separated from said nonmagnetic middle class in said fixed side ferromagnetism layer in 
a CPP structure spin valve head given in additional remark 5. 

[0091] (Additional remark 10) It is the CPP structure spin valve head characterized by including the 
compound with which said insulating layer consists of at least two kinds of elements in the CPP 
structure spin valve head of a publication in additional remark 9. 

[0092] (Additional remark 1 1) It is the CPP structure spin valve head characterized by said compound 

being an oxide in a CPP structure spin valve head given in additional remark 10. 

[0093] (Additional remark 12) It is the CPP structure spin valve head characterized by putting said 

insulating layer in one pair of fixed side ferromagnetism layers in a CPP structure spin valve head given 

in additional remark 9. 

[0094] 

[Effect of the Invention] According to this invention, certainly big resistance variation can be attained as 
mentioned above with the same number of laminatings as the existing spin bulb film. 
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♦NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the plan showing the structure of hard disk drive (HDD) roughly. 

[Drawing 21 It is the expansion perspective diagram showing roughly the structure of the surfacing head 

slider concerning one example. 

[Drawing 31 It is the expansion front view showing the situation of the read-out write-in arm head 
observed in respect of surfacing. 

[Drawing 41 It is the expansion side elevation showing the structure of the spin bulb film concerning the 
1st operation gestalt of this invention. 

[Drawing 51 It is the conceptual diagram showing work of an insulating layer. 

[Drawing 61 It is the fragmentary sectional view showing one production process included in the 

manufacture method of a spin valve-head element. 

[Drawing 71 It is the fragmentary sectional view showing one production process included in the 
manufacture method of a spin valve-head element. 

[Drawing 81 It is the fragmentary sectional view showing one production process included in the 
manufacture method of a spin valve-head element. 

[Drawing 91 It is the fragmentary sectional view showing one production process included in the 
manufacture method of a spin valve-head element. 

[Drawing 101 It is the fragmentary sectional view showing one production process included in the 
manufacture method of a spin valve-head element. 

[Drawing 111 It is the fragmentary sectional view showing one production process included in the 
manufacture method of a spin valve-head element. 

[Drawing 12] It is the expansion fragmentary sectional view showing roughly the formation production 
process of the insulating layer included in a spin bulb film. 

[Drawing 13] It is the expansion side elevation showing the structure of the spin bulb film concerning 
the example of a complete-change form of the 1st operation gestalt. 

[Drawing 141 R is the expansion side elevation showing the structure of the spin bulb film concerning 
the 2nd operation gestalt of this invention. 

[Drawing 151 It is the expansion side elevation showing the structure of the spin bulb film concerning 
the 3rd operation gestalt of this invention. 

[Drawing 161 It is the expansion side elevation showing the structure of the spin bulb film concerning 
the example of a complete-change form of the 3rd operation gestalt. 

[Drawing 171 It is the expansion side elevation showing the structure of the spin bulb film concerning 
the 4th operation gestalt of this invention. 

[Drawing 1 81 It is the conceptual diagram showing the principle of speculer diffusion. 

[Drawing 191 It is the expansion side elevation showing the structure of the spin bulb film concerning 

the example of a complete-change form of the 4th operation gestalt. 

[Drawing 20] It is the expansion side elevation showing the structure of the spin bulb film concerning 
the 5th operation gestalt of this invention. 
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[Drawing 21] It is the expansion side elevation showing the structure of the spin bulb film concerning 
the 6th operation gestalt of this invention., 

[Drawing 221 It is the expansion side elevation showing the structure of the spin bulb film concerning 
the example of a complete-change form of the 6th operation gestalt. 

[Drawing 231 It is the expansion side elevation showing the structure of the spin bulb film concerning 
the 7th operation gestalt of this invention. 

[Drawing 241 It is a spin valve-head element concerning a sample (bl), and is the graph which shows 
the relation between the oxidation time amount under (a) oxygen ambient atmosphere, resistance, and 
resistance variation, and the relation between the oxidation time amount under (b) oxygen ambient 
atmosphere, and MR ratio. 

[Drawing 251 It is a spin valve-head element concerning a sample (cl), and is the graph which shows the 
relation between the thickness of the (a) insulating layer, resistance, and resistance variation, and the 
relation between the thickness of the (b) insulating layer, and MR ratio. 

[Drawing 261 It is a spin valve-head element concerning a sample (c2), and is the graph which shows the 
relation between the oxidation time amount under (a) oxygen ambient atmosphere, resistance, and 
resistance variation, and the relation between the oxidation time amount under (b) oxygen ambient 
atmosphere, and MR ratio. 

[Drawing 271 It is the graph which is a spin valve-head element concerning a sample (c3), and shows the 
relation between the oxidation time amount based on (a) oxygen plasma, resistance, and resistance 
variation, and the relation between the oxidation time amount based on (b) oxygen plasma, and MR 
ratio. 

[Drawing 281 relation with the thickness of an insulating layer, the resistance, and resistance variation 
which are a spin valve-head element concerning a sample (dl), and are formed on (a) freedom side 
ferromagnetism layer, and (b) - it is the graph which similarly shows the relation between the thickness 
of an insulating layer, and MR ratio. 

[Drawing 291 It is a spin valve-head element concerning a sample (d2), and is the graph which shows 
the relation between the oxidation time amount of (a) freedom side ferromagnetism layer, resistance, and 
resistance variation, and the relation between the oxidation time amount of (b) freedom side 
ferromagnetism layer, and MR ratio. 

[Drawing 301 It is a s P in valve-head element concerning a sample (d3), and is the graph which shows 
the relation between the oxidation time amount of a freedom side ferromagnetism layer based on (a) 
oxygen plasma, resistance, and resistance variation, and the relation between the oxidation time amount 
of a freedom side ferromagnetism layer based on (b) oxygen plasma, and MR ratio. 
[Drawing 311 K is a SP* 11 valve-head element concerning a sample (d4), and is the graph which shows 
the relation between the thickness of a joint filter layer, and the coercive force of resistance variation and 
a freedom side ferromagnetism layer. 

[Drawing 321 relation with the thickness of an insulating layer, the resistance, and resistance variation 
which are a spin valve-head element concerning a sample (fl), and are formed on (a) freedom side 
ferromagnetism layer, and (b) - it is the graph which similarly shows the relation between the thickness 
of an insulating layer, and MR ratio, 

[Drawing 331 It is a s P in valve-head element concerning a sample (f3), and is the graph which shows the 
relation between the oxidation time amount of a freedom side ferromagnetism layer based on (a) oxygen 
plasma, resistance, and resistance variation, and the relation between the oxidation time amount of a 
freedom side ferromagnetism layer based on (b) oxygen plasma, and MR ratio. 
[Description of Notations] 

31 CPP structure spin valve head, 36, 36a-36h A spin bulb film, 53 Fixed side ferromagnetism layer, 54, 
54b-54g An insulating layer, 55 A nonmagnetic interlayer, 56 A freedom side ferromagnetism layer, 78 
A nonmagnetic interlayer, 79 A fixed side ferromagnetism layer, 83 fixed-side ferromagnetism layer, 84 
A nonmagnetic interlayer, 85 A freedom side ferromagnetism layer, BF The 1st interface, BS The 2nd 
interface. 
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53a- 



51 



51 1>4 
51a 



§iiia«tt§ 



^57 

1-56 
-55 



\ 



i ] i fbMm&&® tsi *^®t* g mm 

WAttS C P P«t5fiXtf lssW7'sy F„ 
[fll&B 2 ] il^S 1 lcf2$g© C P P^tigX If 

KtefcVT, IfflEttlMti. 2 «gi© 

7E*fr6fc*{fc**M£*trc fcfcWRfr* C P P«Jg 
Xtf WK/'N-y Fo 

3 ] m&m 2 ici2«© c p phijsx e 
^ti^-rsc p Piilxify/v^'w Fo 

[If #31 4 ] IS^S 1 lcmm<D C P P#fif X tf 
T^y Flc*5^T, Me«Mlt 1 *f©HJ£«5a«ttJI 
n§ C t t f * C P PSIJfiX tf 

T^y F„ 

■x»^«tt«fmijifr6PBT6n*»IIUifc*«IA*i:i:* 

#38£f&C P PJgjgXtfV/trt^'N-y Fo 

[n#^ 6 ] m&m 5 ictetso cpp «j§x tf ^ 
nMfrZtez {tempts c £*&mttz c p pmm 

7>\£Z//W7*sy F„ 

mutm 7 ] ii^s 6 \c%m.<o cpp «t>gx tf w 

^•y F»c*3^Ts WIBfl:-&«ttBMfc*T*»ct*W 
fttSCP PliSXtfV/WN-y Fo 
[H#^8] IS#JS5tc!2igg©CPP^gXtf:y/<";l/ 

t»»E*a* ns c t *w» i:tscpp «titx tf w 

7*Ay Fo 

9 3 ffl&H 5 fcflB*o CPP «jgx tf VP 

t5CP P^UfiXtfV/Vl/^-y Fo 
[00013 

*«wa:, g^w^Kisji 

IS 1 ^WST*gifflBS«14^tSftfrS^att*M 

fcxtfv/^;i/^rtT'Si $s£xsn$2mRm<D&m3jfa 

K&oT^XSiffi^gSI^-eSC PP (curren 
t perpendicular— to— the — pi 
a n e) #ti6X tf VvVK/*^ -y Ft BITS. 
[0 0 0 23 

m&<D&ffii c p p«jim«g*i«im^-y FT'i±, m 
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s„ we, c 3 i/^fc c p pmmmzLt&fflhm^v ft* 
nscttfT'ts. c p p«iftfiBi»a*TSbm'N-y f«« 

[o o o 33 

(DlRj±-T«:*3^tr-y FSO&l(Sfkti&tf5>nTL£?„ 

[000 43 *«Wt4s ±flH*K»cM»Ta:Snfc tO 
20 #T*^3 C P P^itX (f^^/VN.)! F*«#t-T5 C £ 

^BW^-r^o 

[0 0 0 53 

?&&wm&&mic®M-rzim&cpmmt.. S2M 

5Ci:^8itt5CP P$tifXtf>^;l,7"N<y K««a 

so [00063 »2 5SBt*ntf, s&M&m&m 
t&mmtttffiz-zc t*<&mt?z c p p^jgxif v/^ 

[0 0 0 73 C olr^fcC P P^jgXtfV/Vl/^-y F 

yi.gp*>5.^ffl-rs^o^»cjst;Tg*ffli!a«t 

iSUiO«{t^ria ti IsHE-r 5 o CUTS SfflS^fiBUSS© 
lKft73lSi* , lH]^'r5i;. Xtf^/Vl/^-y FO«£UgJit 
40 < mt?%o m i WliB^MII 2 «f?iBo»it*ifiii 

mii-rso 

[0 0 0 83 C(Di;$, XtfV/^V^-A^y FT-a-bVX 

m«t«*e^^^*^5o tt»B»c«*«n*«iB* 

XRS-r&fe-^ tf V*-;l/0«€t?*B»S«:$fe<*«^0 
^■T5o ^OiS^s cat^ofcXtf^/V^-^-y FT? 



•> 



JiX tf -y Ktt«JKE»©Hi©<HBSfl:fc*: 

l^lCffigK-rsCttfT'ffSo Lfrt>> C^tj/'cXfcrv 

(TMR) *?teJt^T«*i««:fiaAtf 1 / 1 OWkt 

^ofcu-a-tcfgMsns. i,*«>5it-7;w-i'Xos 

ft < t fe»gDSl«HJ&#*«l**U*J:v\ 
[0009] tMOTtt. 4>ft < t> 2 «@<D7C^^6ft 

J: v. fl:**fcH\ ttfcft io 

t»Ttt, 0!lxff X^-y * U V?ffite»-3< 
*m^titfeJ;t\ BjeflBIBKttJi J ?> i*<HS 

%m&m<omw icmm^&m itsus&iMtfitxf 

[0 0 10] S^lc, »3fHik:j:*ifcr, gAMSUKtt 

s jg 1 *bimi a , i AMftttttn-r^mttit>nji3tr e>ra 

[0 0 1 1] C^V^ftC P P^igXfc!>/^l/^-y K 
R5fft*>-5 if vsfc— if vsh— >nc«8f»ijfctp 

[0 0 12] ft*5. CdVofcCPP^3gXtf>/Vl/^ 
^■yKli. mtf^N— Ff*-f X^B««B (HDD) i: 

[0 0 13] 40 

[0 0 1 4 ] 0 1 ttttflEfltttfMRWWlO— ||(Md-r 
Sfc^A-Kf-fXl'BiiB (HDD) 1 1 <DftSIM§ 

35r#ortaag«i*Eii-r*»JB©«**# i 2£<i* 

So HBSSHOKlis EtWIM*i: tt<0 l ft«±©I5tf 
-fX? 1 3#lKS«n*. JK^tVX* 1 3l±XkfVK 
;l/*-*l 4 ©EKEWlcaiB^ns. XtfvK-rt/^-* 
1 4«, (Bl&tf 7 2 0 0 r pm^ 1 0 0 0 0 r pmt^ so 
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ofciSj£ST-«E&-rVX? 1 3*lH]iE;*-eSc:£tfT*€- 
So tttt*ttl 2tcl±. g«:*f*l 2 fcOHTJRSffillB 

^wrss^-rft*?^*^^- (Hs*f) tfsss^n 

So 

[0 0 1 5] iR^raictt, Slt/SlRjfcStf S3EM 1 5 

y -y *j i 6 «, 1 5 *^2k¥7jiRit@tf spm 

f*Ojg»7-i»l 7t, C<9g»7-2 4 1 7 05fcaStCffi 
^v>3yi st*m*-Z>* jgfci<Da»K 

VaVl 8©Jfe«87?ttx V*J«)S^V/^Wffe (0^ 

■f) ©ifT^iA^Kx^yi 9tt«i#%3a*«n 

So iJi'wKX^^l 9tc(i, «£E»-r-<X^l 3© 

jb^ffl-rso «af^^^i 3©ih)^scj#^xi' 

X? 1 3O^ffiT'^?nS^SS(0fi!l€T'??±'N'y KX 
8dif LWt^J^^t^^VXTJK^^Xi' 1 3 

<D®mwctt«imcis^MitT*m_t'\v kx-7^^1 9 

[0 0 16] Cvhrc&t'W KX7-f^l 9<Di¥±<£ 
»c, ^D-r>'l 6^3£«l 5ls]DT*JgKrrS£. r?± 
'N-y KX^-f^l 9 li^mtj mcMZL'r 4 X* 1 3<D« 

•y KX^'f^l 9«»3i-r-fX* 1 3±©ffiM©iE^h 

gi&limfcf^'i'Xn-i';^-* (VCM) tl^o/crT 

ttl<oa 0 x «&fe<D&»f f W X <7 1 3 1 2 rt 

ic«»i&sn*»&k:«4» Kig-rsiSM^-rx^ i 3m 

±orat? 1 *OSi7-i 1 7 tefcfLT 2 0«D5itt^-X 

[001 7] m2im±^-y kx^-y^i 90— mwm 

tJgJjgSttSA la 03 -T i C (r;V^-y^) S<OX 

icg^nr. stem u**&*'Ny K2 3*rt»-r* 

A 1 2 O3 (7;l/57") ^O'N-y F«?rtKK2 4 t^r 
<1k.S„ X-7-<^#:2 2fe«i;t>*'N-y Kf?M2 4 
»cl±, ^r'wX^l 3 lCttft?Zi&mj\im?%it>% 
n±M2 SimiZZtlZo I 3<DHSS»cg 

■^e4«sti*«aR2 6i±^±^2 5 Jesuit* e.n 

So 

[0 0 18] ??±®2 51cli, ffi«aWJft*»6ffi*ijftffi 

U- 71/2 7 <DM±ffi^t±t.^»4>S A B S (S^ffi§(7 
E) 2 8tfU£SnS. A B S 2 8T'l±£tffi2 6<0d£ 

4 JcS«>2kSnfcgteffiL»#ji*'N>y K2 3tt. &3z2 
?nSJ:-5lc, A B S 2 8T*Slffi-rS. ft*3. r?±^-y 



\ 



[0 0 19] 03li}?±®2 5<Oiif*P»fNt. K 
^toue^ii^-y K2 314, &&tVX^1 3fr£ft 

»«8CPP«lXk;yW\y FX? 3 0 t, mn 

TIS^tVX*! 3fc2ffflttt*«e&&fii*«#ft* 
'V? Fig? 3 1 XVZZ//W7'\y Fig? 3 

0(i, mx.l£¥ e N-^N i F e £<^ofc*mfr io 

nsTa5'>-;i/ kji 3 2 o*®k:jgjasn*. TS5->- 
;i/ kb 3 2 wAtf, &M<D'\y vnefpmm 240 

T«¥B**MW-<5 A I2 O3 (TJVS.-f) I3 3©S 
S»C/£^S 0 Xtrv/^l/^y FX? 3 014, TSP'>— 
;p F/S 3 2 OSitiI?tl5 A 1 2 O3 0T/i/ = •?-) 

[00203 xif v/^i/^-y Fff 3 0 «, se^t 

fcta^TWi'— A* FJB 3 2 ©*ffite»-3Tlfctf STfffll 
H»Sli?B3 5*B*.«. C<DT«l««il?B3 5 it, m 

3 6tfai?n5c *e>/w:7«3 6©Bffla:8Bfis 

[00 2 1] COXfcfV/Vl/TMS 6«, ISIfiStCSlSJS 
ffc'b^TSBi'-.'l/ F« 3 2 ©affiled o TlStf 5 1 *f 
©BKMWM3 7fctt#&S*l*. BBftlffM 3 7 ttftl 
^fcocrpt £>«j£2n*U4*<fc<^, C©^E$iJ®I 
£13 714, fljoolOx Xtrv^;b^«3 6?r^5 1 

EM9PflS3 7<D»€T\ XlfVM;l/7S3 6rtTli6i so 
BBttttM ( f r e e 1 a y e r) <DJMttBfl:B93iS 

nso xtrv/^i/^K3 6^j:t;«tE©jffliiS3 7t±, t 

W*BMI?»3 5<D^ffifC^il2n5*6^a3 8tC«i6 
ji^nSo «g)^H3 8l±{?!l^.{f A I2 Oa I^S iOa 

[00 22] 3 8 (D^ffitc tt±gf5v'-;l/ FJf 3 9 

5 0 C (D±a5->-;l/ Fit 3 9 TSB->— ;l/ F/f 

3 2 i:©raicxtr>/vi/^3 6fc8te*&t?. ±a5->- 

A Fit 3 9 litBRffN i F e ftnfcf AV>. X 

6 ©affiled, SISaUf 3 8<D-&rafr€>S§ 40 

£5 LTXtfV^;l/^K3 6teJ6M-r*±a5->-;l/F» 
3 9 « X tT 7 KI?3 0 ©±<B!lB<SfiSi?Jl i: 

LT&^So CO±gPi'-;l/FJS3 9*3J:trFffi!lS® 
m?M 3 5 ©il€T*X tfy/Vl/7I3 6 tcti-tr VXUSi 

tfMsnsct^ss, ±as->-;i/ FB3 9 tmz 

[0 0 2 3] JW-k<D<fc5&±g|5->-;bFji3 9 t4|5|B$t-C 
8§a£#*&*-N7 Fig? 3 1 ©TWKWifcLTttH-r 
S„ ffc*^, ±gp->-;UFS3 9©g®lCtt#H£e3r so 
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+ •^14 0 WEB* ft«. #Btt*+ 7 7*14 0 14 #1 
*{f A 1 2 Os = T*8t/£?ft*iJf«fcV\, ±SP 

->-;l/ FB 3 9 fc 14, C O^BItF + 7 714 0 ^r»EA, 
Tf±aW«B4 1 #l&Jf?^5. ±§P?88iB4 1 tt0U*« 

n i Fe^»?nMj;v\ ^&i©iit>, mm^^c 

o<om^x\ ±«msm4 1 t±a5->-AFB3 9t;& 
fr€^?iKmi5Stt??±®2 5*>e,iinffl5, c^iti 
nasBjRwitejJoTeaBKif &*yymm ujem 

[002 4] iSBHSffiB 4 1 14, 77140 
©«®»CfBoTl£#5A 12 Os CT;l/=-?-) ©|4 2lC 
StotlS. CCAh O3 14 2l4ftJ2B©'N7 Fig?!^ 
ISM 2 4 <0±H¥/l£«/£-r5„ "f Ah O3 

H4 2t4t0ajOA 12 Oa 13 3 4:8111^7^1? 

[0025] ccx\ *mi<omimtmmcmzx\z 

;1/7§!3 614, l4(c^n5J;5t, iMfflJ&dlil©^ 
y^7lfy;^7ItM2tl5 s ffc^, XfcfV 
/M/7l«3 6"tt, TIWli?i3 50iBtliai6T 
iteB5 1 $:<l*.-5o COTS615 1 14, #|;U4*~FffiiJm@ 
S$i?B 3 5 ©^EigkljAtf 3g|/P 5 . On mSiE^T a B 
5 1 at, <:©Tal5 1aiD*Itl£tf5ii2. 0 
nmSJgcDN i F e!5 1 b t X*m&* tltllS T 
tiklS 5 1 (D-gffilC 14, fifHAJf KJ? 1 5 . 0 n mlS© P 
d P t MnBTM££tt«£!MH8ttB (pinning 

layer) 5 2 A^«fe-&to-li:e>nSo 
[0 0 2 6] K^ffilttH 5 2 <0^®lCl4@^ffl!l!Sfil1$il 
(pinned layer) 5 3*^/15 tl5<, CO 
®^M?SKffil5 314, S3SK14S5 2©*ffifcl£#o 
T, fi^Jxtf ^®T'*6aB 5 4 *mi±lbZm 1 ^«14B 
5 3 a t, «6aS 5 4 £>^ffifc:*gJi£nT, M 1 
M 5 3 a t <OF^*Sli/l 5 4 «r»»5ityiB 2 5 

4 b t^ii^s. amm 5 4 1 sim « 5 3 

aOKft^BT'^^tltllf <fct\, ^1^14B5 3 a 
^JBaSSBttBS 3 b»mifHV2. OnmiSiOC 
o F e BBT?Bj«*tintf J:^. 
[0 0 2 7] H^«K14S5 3©^ffifci4, 0!l^.*fB 
© 2 . 8 n mgS<DC u T'^^tlS^KttcfP^B 5 5 
•f\ ^AtflUP 2 . 0 n mtSO C o F e B MXm^ 
tl5 iSfflOSifflittM (free layer) 56 WM 
mcmmZftZ* i *ffliJ3iM1tB 5 6 ©SSI;: 14{?!I^ 54" 
!SJ?5. 0nmgfiOTal5 7^^5. Tal 

5 7 ©gffifCl4, mz-l£mm 10. On m@Jg© C u II 
^mmi 0. 0nmSg<DAuIt^fc4 : +7y'i 

[0 0 2 8] C-5t^fcXt!>/^l/7K3 6TH4, fg5 
k:fife^to-a-e.ti5g*ffl!l^«igyg5 6 2:«tttt4>IHM 
SSfcOHteBiSWBBFttaKesft*. Isl1t^, « 
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B5 5 ZVmicmztMfflfiB SliMfeZftZ. *6^ii5 
4 U\ H^ffiiJ&ffitfiH 5 3^2 &fi*1£B 5 3b<0^ 

[0 0 2 9] ««1«B©Bt*ffiLfc*;fcoTxe:"W 
K^f3 0«Mf^Xi? 1 3<D*®IC|b]S-&*) 

S5SE14B 5 6 ©«ffc#flUiErtE*-*. CUTi E&fciJ® 
;l/KB3 9*3<ttrFffl!l®lli^®3 5fr£>Xfc?:wW:/ 

K3 6 te-bvx«)iiw{ia»sns m^&iao^fkic 

jCUT±fi!l->-/l/ KB 3 9 43 £trFflm&«ft?JI 3 5fr 
[0 0 3 0] C©£#, XtfV/^i'KIfSOf 

*ffi.t\z>mffi.it%&Bm 5 4 %&$mf&o m 5 ic^n 20 
itmm-ztiz t^z-Ztiz* trv*-;i/5 sternum 

C P P»£gX If ^WfW KiR? 3 0 14««E»0— 30 
»©*ffi«fl: J ? , tliWt*o«Wte*t-»»!: jtiSW* cttf 

OT-li. l>t>i*5hy*;l/g^iglJiii!ia (TMR) 

iR?»cjt^Tasiffl»*mtf i / 1 omm.t^-?tzM'& 

v K^f 3 0 T-lis X fcrv/WTTR 3 6 &«iWktf 1 ft 

[00 3 1 ] W>CX. \L 1//W7^v K*f 3 0 OiSBi^ 40 

- cD^ffilCtiA I2 Os §13 3A^I?tl 

3 0 COAlz O3 £ 3 3 ±T*TSB KB 3 2 tiffl 

fiiB<o^B»ctts laetc^^n^j;^^, bjpi o. o 

nmggOA ugg6 1 *^BUB^fiE*nS. COSUBlCfc 
ft7TmifX/<7^'J y^#il^MUf*l\ A 
ul6 1 «T««»flKf»3 50JB«»C*5n*. «^ 
TA ui6 1 (DS®fCl±. Xtf^^l/^3 6 klU- <D 

Ji«Bfttf«i)««n*»iiis«ii6 2 38«auisn*. so 



m i ig**si 6 2 ojgjaiiBo8¥fflttaj6«n*. 

[0 0 3 2] 0 6(c^^nS<fc-5fc. ^Tgil igftSt 
6 2±fC«, ««©BlJ»jaiU*«lc*6tlftU5?XM« 

nst, ia7ic^^n5cfc'5ii:, u^M6 3o^i 

TgliMl6 3&BiJt>IR£nS. CUT^lIIJI 
6 21±, ^Q^£*5ttfc«2XttK6 4lCffil!>t& 
5tlS 0 Aul6 l«D*aic« s HiJ5a«tlfcJB2jR« 
16 A^WtiktSC o C r P t!6 5*'iI2tlS. U 
^XM63tiCoCrP t B 6 5 <DSB&fcRfc5££n 

#816 4*5<£tfC o CrPtl65li> JSftlOiltK M 
2|g«^6 4^:«^IS 1 !MRfc:»oTffitf*«R««6 

[0 0 3 3] E8^5n5J;^fC, ^TAul6 1 
±ttt»IWH6 7 W«MBgj«*n*. *6^«K6 7tt 

#r^« 6 6 ic&±icm^&-$ s. &m#m e 7 <Dmm 

CBU^H6 8tfJgfiE£tx3. mfcfR IE CJ7 

^^^7"-r^->x<v^>^) ^^uss^nst, 09 

7ti»iJ»3l?C,n§c t$LTlttM3 8tt*e»&»6 7 
A>C,g!jt»a*nSo J6I&B3 8<D-&MT?XVfV/Vl'^ , K 
3 6©*ffitt«frrS. ^XM16 81±^S 

[0034] ei oicTn-snzz?^ mmmz 8±ic 
UN i f eM6 zicmmztiz* Z <DmmirC$>fc 

N i Fel6 9CDmffilcltlsi/Xhm7 1 ^fiE^tX 
So COU-i/X M»7 1 l=t±g|5->- ;V KB 3 9©Jg«^ 
f5. t^RtfR I Ejjll*^»?ft5ts 01 UC^£ 
nS<fc-5fC, l/yxhi7 l©MiT*Ni Fef 6 9ti 
ffJtJSje.nS., C3LT±»S/— /1/K«3 9«ffJDt±i$ 
n5o Ui^XM7 1 Jii£?n5. 

[0 0 3 5] C 3 LTTfiPMiffimi 3 5 , Xfc!>-^;1/ 
6, 8SEKSIK3 7. ti!gUl3 8fe«fctf±gP5/- 
;1/K/13 9*^J5E*nSt> TSP->-^ KB 3 2 OSffi 
tcliAla 03 M3 4jWSHISnS. TfiflS®^^»3 
5, Xt!V/Vl/^Sg3 6, ffitESiJffliai3 7, *£Sii«3 8 
*3 J:t>*±a5->-;l/ KB 3 9 li A 1 z Oz m 3 4 IcMsbte 
(MX.tfB3#HD . C^L/cAlz Os 134 

it4ir-v.yy@4 o j f>±ap?KSB4 1 immicmmm^s 

nt^<. C3l^ofcSB^5feiz:oTA 1 2 Os Ig3 4 

mwm&nmz nst, ±®->->v kb 3 9 ©^at± a 
12 03 K3 4©-&raT-sm-r«ct^t?^5. 
[0036] m&m6 3 commute -ox, -fwmsm 

fi3 5 ©S®tct±, ^J^.tf 0 1 2 J: ^ ic. 

KJ15. 0nmlgOTaI7 K 112. OnralS 
ONiFei72, if 15. 0 n mSficQ P d P t M 
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n!7 3feJ;yiff2. 0 n mSSf CoFeB®74 
tfcfcl/^. C o F e BB7 4<Dffl§mcf-*>'W>Zte&l 

pLisMmrtxtfrnAztiZo %<Dmm. c o f e bb 7 

4(D-6Mimit-?Zo C<Dm<tKJ&?C oFeB|7 4 

fclli, AUP2. Onmia©CoFeBl, HJP2. 8 
nmtSCiCul, KiP2. 0 n m§Ug© CoFeBI 
fc.fctffliP 5 . 0 n mgg© T a B*MS&t,">TSUgfBj£ 
?flS„ T aJBOmffilcte. ISIO. Onm 

m&co C u jf-«f>K* 1 0 . 0 nmSSEOA uB#«BJ£ 

[0 0 3 7] C o^itzX^^/Wyw H^?3 0<O 
WmftmT'lt, 7.WW7&3 6rtfcttlM5 4£Jfc 

^%wfflLooj*««k:«Jwc»wi5 4<ommm 

[0 0 3 8] W±<0<td*Xlf>/Vl/7ai3 6 00* 

tf la i 3 <* ns <t ^ £ v dise^5t<D > v t? 

^Vl/-7183 6fli, T&B5 1 ©^Slc, i*fflSS8ltt 
156, ^K1t^fflB5 5, B5£M3i«1xB5 3, 
W&MS 2*5<fctfT a!5 7#«&^TMa^b'£Sn 
5o «jatEI«Hc, SE&ffl3fflK14B5 6fc#«14*liaB 

5 5 tomcami mfmv FtfMsns, hjqrrsi 
astts 53t if&s^B 5 5 1 <omic \tm 2 b 
stma&ti*. m^m^mams 3XHtmi^xsm 

2 &&ttB 5 3a, 53b (DftlCimm 5 4 «J*&i&£ 
nS„ Jfe^S 5. 4 lifg 1 SUlKteB 5 3a ©rt«ET?#HKtt 
[fifaj!5 SfrfcRSTe.ft&C C-5^ofc«6 
i!5 4 li, tOMt H*fc. * 1 &S&14B 5 3a <omm 

[00 391014 l±*¥£W<Dm 2 ftfflBHUUcffiSX t! 

6 a(D^ii«r^-r. COXlf V/Vl/^K3 

6 aT?li, HSGll&S&ttB 5 3lC«JS7x D*gitlgtfffl 
frt&ftS. C<D«B7xy«liiffiHi, K3ft«1xB5 2© 
SE»Cj£^5mi^atttS7 5 a C^lMtti 

7 5 a tcOP^JC^tf^PO. 8nmttORul7 6 
*«*atf»2!M8ttjl7 5 bt5:ix5. fg2 5£«tt 
Ml 5 b<D^B^«SUatlRl«^«fi^B5 4#J&£<*n 
5. mums 4<BSfifcli£39Mtt1£Jl7 5 cffSBK 
ffiB^nS. C9LTffitl5 4{±^3^K1fB7 5 c 
©fl-flETIflKte ^mm 5 5 *>> etlS C i: 

5„ C © fc &3£ffittB 7 5 a ~ 7 5 c itm^imW- 
2. 0 nmiggOC o F e BBT'eU££tint£J;l/\ C 
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j§5 3o«ft^!!)^@tcBS«nsies, Hu^oxtr 
[0040] Ei 5i±*5m<Dm3ntmmic&2>*v 

BS5 4 blitt^i&ScftS. ZLo^-otd&Wms 4 bit 

nSCttft'tS. COtt, H5£ffliJ!iifi3H?fc/i5 3-fi 
E&ffi!l3iHB14B 5 6dKJ?li : &«f!lAff2. OnmSgglC 
S^^nn^ctl/^ Co LfcXtf>/^l/^M3 6 bfc* 
tltf, tuSOXtrv/Vl/m3 6, 3 6 a £|BM$fc:. g 

[0041] KfbWRa. w*tf sswBHKttJis 6<o 

^®lCffljiJgfiK^nSRJ?2. OnmgfiOFe! 03 

20 mts&UAiz Oi mx-m^nm^^c c^^tz. 

m« 5 6©*ffi-T?»flsEJ&*3l*iB£ 
"To id«9fttt1£Jl5 6 0SBB(cH:S{l:«ll 

30 W^.tfBS2. OnmggOC uB^^tfBiJll . On 

[0 0 4 2] Cd|g3II^S8T-«, Bu^(DXkfV/^l/ 
7l36at |BI«fC, H^tiJ§iKtt@ 5 3 IcffiJSy^ V 

itm 5 2 o«ffifci£tfs* 1 !imttB 7 5 d COS 

1 5i^tta 7 5 d t <omic&mmm o . 8 n mm&<o 

R uI7 6^rR^iit?S2^ffl[ttB7 5 e £*ffiz.Z 0 

m i ®aattt« 7 5 d ama bup 2 . 0 n m mm<o c o 

40 B 7 5 e tifBlTlfcfflgJP 2 . 5nmgSOCoFeBlT 

Htlti. H^fil!l^«ttB5 3©«{t^lRj^?ia^@SS 
nSi»«, H^ffl!l§SJKttJl5 3tC#»6tCC o F e BB*^ 

CttfT'tS. fcfcb, BJfc«3S8ttJl5 3fcti<M"L 
[004 3] C©S3HfiS0gffiT?«, 01 5*»6W6*» 

50 r&noic, i*W5SK1SB5 6t$6il5 4 btomic 
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m&ztizzoic co^-dTcc ui7 7t,i&m<mm 

14® 5 6(D{%mtjH c*+ftlcm>£>2>Cttf?2Z> 0 £ 
fz, *&Bm5 4 bti, Mz.l£®l 6lc^£*l5<fc9te, 

IBIMi 5 4btt, tflJA. tf» 1 * £ tf* 2 &«1£Ji 5 6 
a, 5 6 b»C*»aStl*«fk»«1?«l«StltlJf «k 
l\ felMI 5 4 b tt» 1 &M&m 5 6a ©fl-ftT* 3Efl£1£ 
*H/g5 5fr£>PBT£>n5C£#T?SSo Iff 
l*«ttf^2^JK1£JB5 6 a, 5 6 b ©BSfftiS* 2. 10 

onmafltteRSsnnarj:^. H^iii^asit® 5 3 <d 

[0 0 4 4 ] m 1 7 ttafEBqBOJB4ftttftttfcffS*g 

>A^l3 6c©«Mgf„ C£DXtfV/^l/^Bi3 

ftSieHW 5 4 ICAO^-T. iSfifl^attB 56tTai 
5 7 fcfiDHfcJfilifi 5 4c *<»»jiSn*. 155$ £1*18* 
fetM 5 4 (*BI£flf3H8ttJf 5 3 f ©If! 3 BBtttJI 
7 9c <Dfl-ft-Z?!B8te*IWB 5 5 C.PHT C £ 
T'#5o ; £©— 75~C\ *6i^B5 4 cl±gE&ffliJ?isfi£ffil5 20 
6<94ttf??HK1£if>nM5 5*»6P»T6tl«Ci:*l«1»*- 
So C-5bfcXt!v/^l/^3 6 clcfctttf, b55$©7s 
tr>/^l/^M3 6, 3 6a, 3 6 b^EtlC, gSffllJ^ 

fc«W:SeH3n*C ^©{ft, i55Z&£|5l8!fc 

fc, B£MM8tttJI5 3lcU«rL'e>«Ul7xU«GBII 

CO 0 4 5] «6!SUi5 4 c«. tfift<0t&mJ25 4 b fcl^ 30 
fiUCs MX.tfSA«!MKttJl5 60«Stc«ni^jA2n 
SMS 2. OnmlgOFez Os MfSkVA 1 2 Os 

156 ©*B5T*l*{bEJS* 5 1 #^ C "To * ©*S*» i * 
fWM8Ktt»5 6 0«ffitett»ffc»il*is««sn*. 40 

oTs a&ffiMHSJI5 6 0CTKM*tfflU*2. On 

co o 4 6] c<Dm4mm&tmcmzxvz<"vi> 

7l3 6cTU #iRt£iai 8fC^?tLS<J:^fc, IS 
©*6*^I5 4, 5 4 c©RrC*V^b»$>57.^*:i7HSt£L 
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•5 i*ffl!i^{SttJi 5 6 tmmm 5 4c ^©itBicffiizB 
[0047] 020 ii*%.wco$tz 5 fussjgagic^sx e 

>A;l/7l3 6 dOtfBfr&^'T. £<D7,¥l/;W7m3 
6 d «l,^f*5-7 ? a.7;l'Xe VWT'&fc^JjgSftSo 
-r&*>*>> c©*ev/W:7«3 6 dT-tt, «0SE2:iqtR 

TS&Jf 5 l , £3HttttJ|5 2, t&ISUI 5 4 
tf H£f!l!MW£JI 5 3 > ^ HKtt* Hi! 5 5^141 
3£ffitf£Ji5 6^«SStffl*±tf6n*o S&HiJlS 4tt@ 
£ffl!l3Mfi£14Ji 5 3 tp <om 3 BHttttA 7 9c (DfttETim 

[0 0 4 8] Lfrt, C©g*Miifi&1£®5 6±»ctt N 
*HKttcMM7 8, @SS{M®8t14Jl 7 9, E3S8KigUl8 
033<fctfT a!5 7tfJH#k:Sta£-*>-fcf-£tl5o 
!S«1tJi5 6i:3HKtt+|IW7 8fcOMfcti, fj3iEi:|H) 

79t ^tttt^nra 78t comic nm 2 at*s 

mi$.ic it m-ommmm* s ns . «*-r snout* 

c 0 0 4 9 ] c 5 men-?!** t mmc, m 
je«9ft«tt»7 9k:wi7iy«fiiaii*«fflf6ns. c 

©S@7 x U«5SK«, IflKiSI'KJi 7 8 ©a®tcj£^ 
•oT, «IX.tfS9T«BNWS 4 d *a^ih»*SB 1 »« 
ftS 7 9 a *6i^S 5 4 d ©*BlcailSnT, j0 1 
%&mfem 7 9a t ©^}C*fe^@ 5 4 d Srfc^Witflg 2 3ft 
ffittil7 9 b££r{ilx.3o <^ 5 LT«6J^J1 5 4 d ti?g 1 
3tSfi81t«7 9 a ©^«E-eiH»tt«f MJi 7 8*»6IHT6tl 

?tattji7 9 a ©»ffc««Tjgja*nntf if? 2® 

7 9b <Ommc t* «^JP 0 . 8 n mSS© R 
uJS7 6*«aUB«n*. Rui7 6©»Cti^3M 
ttS 7 9 c ««S StCiSH^nSo #?SffiE14@ 7 9 a ~ 7 
9 c lifi^J^tfKiP 2 . On migjg© C o F e BJiT*«fi!c 
?nMJ:l\ *«HB, gmtt(t>IM7 8^S9MKttJI 
8 0 U:ifi£Oimtt4>MJI 5 5 ^SSiJKliS 5 2 fc n« 

[0 0 5 0] C o Lrz7.£zs'VV7m3 6 d JCttltf, 
Bi}j2E©XtfV/Vl/^BS3 6. 3 6 a~3 6 c tffl&llC. 

2:PHRic, HSffl!l3S«14B5 3> 7 9tttij>f LtWI 

[o o 5 1 ] 02 i a*^©m6nssmi^iisxfcf 

6 eO^ifi^-To C©Xtf l/;W?mz 

6 em «ja©*5SOt0B»te«sxe>/w:r§t3 

6 dT*i*ffll?iaS1iS5 6^lC^?»(C*6^®5 4 e*^ 
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M^nwjj;^. tmm 5 4 e a^tmitM 5 6a, 

5 6b <Dft&-V&imii*PWl® 5 5, 7 8 ^ £RST£>n 
SCttfTfS. COtf, Mtti5 6a, 5 6 b <0 

[0 0 5 2] C-? bfcXtfV/^l'7'K3 6 elCtftfcf, 
HuMfOXtrvvVl/XBlS 6, 3 6 a~3 6 d tmWC 

*a*xS(ts«^sn-sci:*<T?€rs. cox 

tf^^l/^3 6 eTIi fuj$£|p]1f£, «feiUl5 4 
d, 5 4e<DF ( 8 J *\ iH5 4e. 5 4 0ST'^5 

^a^ns^-pn:, iiffli^Ki4ii5 6-e^it^n 

[00 53] Sfft^Sli. fllAtffg 1 ffi&&m 56a© 
^®fc^JgfiK$n5KP2. OnmiSOFe! Oj 

m i &mitm 5 6 ao^n^tc^-w^rttc^* 

AStlT fc«fct,\, C^ofcKfiltfX^&fflX^XvH: 
Mx-im 1 3£&ttJl 5 6a ©§EffiT*&{fc£jS$r3l#i£HC 
f„ *-<D«5lll, Sgl SHUx/f 5 6 aOSffilcagtffcWSi 

^X^nO^A^foloT, fg 1 3£fi8ffi! 5 6a <0«®lc 
0fRfcf§IP2. 0 nmigJgOC uJfJJitfBIP 1 . On 

[0 0 5 4] ^e.fc*fc. C©^6*if£mit?l±. 02 

I56a, 5 6 bfc*ftS)B5 4 e fcOH»c-€-n ; eniS-& 

j&sfSffc*>-5cuB7 7#«iM&snTfcj:i/\, 

[00 5 5] 023 tt#5EBIi©SI 7 XMSlcflliX fcf 
>M;1/X§|3 6 f ©^jt^r^-r„ ilOXtfV/^XMS 

6 f «, ±T 1 WOXVf V/VbXagT'S3ilK14B^ftW 

Tt&M5 l <0^®tc, i&ffl!l&lKfxJB5 6, ?Htttt4>M 
155, HSffl!l^lK1tJl5 3*£tfR3IHKttJB5 2#« 

^v^T-Sfe^-t*-?.n5o g*ffl!i^astte5 6>^fct±*g 
its 4 f #jgj?Sc£n£. <i-5t,>- 3 fc«ei^S5 4 f a, 

ft 1 43 J; tfft 2 &«14J§ 5 6a, 56b 
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2 §SmttB 5 6b ©*h&ET3HKtt*f MM 5 5 *» & BT & 

nsct^ts. ccotz, mi ts&xfmzsm&m 

5 6 a, 5 6bOflUPti^2. OnmSStSS^n 

[005 6] SS£ffl!l33ifi&14/I 5 3 iCitWSy x 'J WSfilM 

5 5 ©*ffifcl£;#S» 1 ttttttJI 7 5 d COglS 
fiSffll 7 5 d £ COfflicmZ-lfmm 0 . 8 n miSO R u 
10 Ji7 6*SE*5itf3B23S«ffii7 5efc*«l*ntfJ: 
lr\ SB 1 3Htt1£A 7 5 d 2 . 5 n m@JS<D 

c o f e BS^fiK*nn«<fc(/->. ^<d—1ix\ mzfe 

IK14JI 7 5 e t±0!l*JfKJP 2 . 0 n mgS© C o F e B 

%m&m 5 3icn*f Ltwi7x y ttGttKWi v £ n 

[0 0 5 7] <KDXkT>/^l/X^3 6 fT'li, K33iB£14 
20 152 ±»C, a^flmOlttA 8 3 , 8 4 , 

@ AfllttttttJB 8 543«ttfT a/15 7 #H#teS»±»:f 

nags 4 ^o^ict^ i iwffiB F^^ns. m& 
mmt&m 8 3 1 im^mm 84t <om^m 2 

B StfgtSStlSo 

[0 0 5 8] iE&«il8s1x»8 5 £1 al5 7 tOBStC 

«*eMUf 5 4 g tf^iisns. c ? t,N-pfc*e^/i 5 4 

gt±, BU^tlRl^C, Mi? 2. OnmggOFe! O3 
JlT'^fiK^ntLtf J:V^o Fez Os JItt0!l*.tfX/W* 
30 U y^T«0S?gfig5nn««tU\ C r> LTS6^ 5 4 

g it g&m&m&m 8 5 «D^«ET3f rsm 8 4*^ 

3^?Kixtpraji8 4 tttuM©^aaiisf rass 5 tmmm 
[0059] c<Dt%, mmMffl&i&B8 3icammy 
^Ktt^ 5 2 ©*ffiti£««*j» 1 %m&® 7 5 d t , c 

1 %Mfem 7 5 d fc ©P^fC«?iJA«IKff 0 . 8 n ml 
40 SORul7 6*&&&&m2&Mitm7 5 e tzm*. 
tltf <kV\ 1 1 ^ffitt/l 7 5 d li^OAff BMP 2 . 0 n m 

eaoc o f e BSt?«ifiK5nntf ^<d— #t% 

SB 2 7 5 e {*0iJ;U£ Hff 2 . 5 n mgfico C o 

F e BmV9ms_titvm\ fefeb, f|j£2:|q«t(c. 

8 3 ic n&-f v *>m®7 x y «e&8i^ 

.fcftfcf, Bij^cDXtfV/^l/XBl3 6, 36 a~36et 
m«fc, i£M&flM£J|5 6. 8 5T'fitiz:$n?.Kfb^ 
iaute«i;T*:**lSSiaflda«:«H*ti« c tw-e* 

50 5 0 
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[0 0 6 0] «±<D£?&C PPflBBXeV/W/'V* 

on 6wa<oxbr^^i/^««ffli»snfto ks (a 
i) fc«*xtrv/vi/^y K*?fctt, H4ics«h 

6«B»a*nfc. un (b i) tc^s^trv/^i/^ 

yHUflcli, 01 4lc^ZftZ>£olc, fffi&<omz% 
M0gl»^«5XlfV/^l/7»3 6 a3WH#iiStlft. 
[00 6 1] KS (c 1) - (c 4) IC^XlfV/VI/ 
FIIffk:tttaifiO»3*««»U:««^iiv/^l/ 10 

7i3 6bffe»ainfc. fc«u wt(ci) 

tis 01 5(Ca*;£flSJ:5lC* *6^S5 4 b(DBf£lC%> 
fcoT* I4««tti 5 6 OSffilciiX^y ? y y ^ 
j£T-Fe 2 Os Jf *5<fctfA 1 2 03 Jftfffl/§2nfc 0 £ 
fc. S£S (c 2) TH±„ *g*iJl5 4 bOJBfiEfcSfeoT 

tc. (c 3) THi, *6^S5 4 b^Mi^/c^T 

^-rn<o*§^c t i &m%mi3£m 5 e^stis 4 b t 
<omizc ui7 7t±^iisn^^ofc 0 ^e>tcs^ 20 
tss (c4) Tti, 01 6jc«sti*i^k:, mmms 

4 bliiE&<W3£«£14Jf 5 6*lcStf>3&$*lfco C<0*6» 
15 4 bcDJg/SlCifefcoT. IlSlttl5 6a^I 
icttX^y* 1 ; Vi^STF e2 Os Jp:fc<J;tfAl 2 O3 

mtmmztitt. 

[0 0 6 2] Un (d 1) — (d 4) lC^£Xlf >vVI/ 
7^ y Fi£F &flM<£> Jg 4 £fflBgttk:fli £ X if >v VP 
713 6ctfa*iiihfe. fcfcU tt«(dl) 

01 7tc^^ns«fc^ic. mmms a c<omancs> 

Sr?F ez O3 J3&&ZfA I2 Os Ji^BUBSnfco £ 
fc N Kfi (d 2) VI*. J61I5 4 cOJg^$^t?T 

Un (d 3) TH*. »I5 4 cOMlC^cot 

^■rno»&fc: t> § Etjflw&sstttJi 5 6 1 mmm 5 4ct 

(DmcC u!7 7tij**ii*nft^ofeo SSlCSTc, 
BBS (d4) T«\ 01 9tc^nSci:^^ i*{S!l?S 

astts 5 6 £*einui 5 4c i:oHfctt*atK»-rafe-6 

Cul7 7#R#&$nfco «6il5 4c© 40 

J&glC&fcoTs Cujf 7 7±fcliX/W*U >^S;T* 
Fez Os Jf&cfctfA I2 Os S^M/l^n/co 
[0 0 6 3] ZZlC&fc, K8(el) &C#£Xlf://<! 
;l/^yF«?fctt. 02 0tc^£fi££-M<: x fiM<D 

S5*ss^ai^^sxe>/vi/7K3 6dtfa*asn 
/Co mmc, un (f d - (f 4) ic^sxtrv/vi/ 

F«?^titaSEOlB6^SSJBJB^«sxtf>/Vl/ 
7813 6effa»ii*tlft. fcfcU Kfi(f 1)T 
tts 02 1 IC^Stl**?^ fc«Jf5 4 e(D&mc%> 
TboT, Bi«1tJl5 6 aOSItttX^y^'jy^JT so 
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Fez Os MIS&ZfA I2 O3 jf^fllji^nfco 

(f 2) *fe)^®5 4 eOJgfigJC.SfcoTBHK 

tt»5 6aOaffi«:WR3ffX»c:«*nfc 0 
(f 3) T'tf, «fl»5 4 e(D&!£lC&Tz-oT%mtiim 

5 6 aoawias^xriciisnfto ^-rn<D*& 

Jcfe5a«tt«5 6 a, 5 6bfc*ft»B5 4 efcOHfcC 

ui7 7«»»iisna^o^: 0 ^e>tc^fc, un (f 
4) t*a, 02 2^2n&£^c N ^^14/1 5 6 

a. 5 6bt»»)i5 4 efcOM^tt-&iKBfJl-r*^ 
C ul7 7WSE*ii*nfcc *6il5 4e<D 

Wc$/c^T, Cul7 7iMX/^^yy^T 

Fez Os JlfeJctfA 12 03 H^fflS^nfco in* 
T. KB (g 1) te«»XlfV/VI/^y FWFfctt. 
H2 3fc««h5±5k: N KiaolB7|O!0BJBteff*^ 
If V/ VI/ 7 Ml 3 6 f ^ffl#iiStlfCo 

[0064] co*wt»« 4 aBa©Jt«e«wfli«*n 

fco Un (a0) tC#5XkfV/Vl/^y FHWeiilO 

&(Dun (a 1) 5 4««»5»frnfto mm 

ammm 5 3 omjp& 4. 5n mic«ssnfc D ks 

(bO) kiasxif^/Vl/y^^FJR^T^IOJSOKfl. 
(b 1) ^e>j»JSS5 4«mK0M»tlft. £<D£Z, # 

k:»£*tlfco (e 0) fc«*Xlf V/Vl/^y F 

*fTtt«ja<DKS (el) ^^8115 4. 5 4 dtf 

ffi5B§«pnfc 0 «MI5 5, 7 8icmM*?z&m 

tt«OBW«:#^2. 5 /xmtc^^nfco SSfc. K 
3^ (gO) tc«SXtfV/Vl/^^ KUFFtfttlttaoK 

s (g i) *e»» 5 4 f , 5 4gtf«Di»^nfto 
c5Lfc*wo«iiRx [*i] - at 4i nmztiito 

[0 0 6 5] 

[ii] 



urns 


(aO) 


(a1) 


[mQ/im 2 ] 


0.32 


0.62 



[0 0 6 6] 





(bO) 


(b1) 








[mO/im 2 ] 


0.49 


0.84 












(c1> 


ic2) 


(c3) 


(c4T~ 


CmQz/m 2 ] 




23.81 


0.86 


15.92 


23.62 






(d1) 


(d2) 


(d3) 


(d4) 


CmOjum 2 ] 




TZ01 


3.23 


43.75 


7Z74 



[0 0 6 7] 
[S3] 
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(eO) 


i ieD 








BHftJBHfcfiAR 
[mQium 2 J 


3.34 


! 6.38 












! <f1) 




(f3) 


(f4) 


fgln^fcfiAR 
CmQ/um 2 ] 




i 65.32 . 

i 


7.18 


40.54 


66.74 



[0 0 6 8] 
[154] 





(gOl 




Jg*ng<fcSAR 
[mQi/m 2 ] 


2.26 


29.26 



[00 69] ~ [«4] 3&»5W5*»ft«t5K, 

*flWiWI»*»tlfcK« (aO) , (bO) , (eO) *5 
*tf (gO) fctfc^TSm (a 1) , (bl)x (c 
D~(c4), (el), (f 1 ) ~ (f 4) IS&Zf 

(gl) -Vli*|RfcJ|g71M'Xl. 0 M m 2 B»©&ft£ 
{tSARliifAL/c,, «6i^/l5 4s 5 4 b~ 

5 4 g©»AtatJ*XlfV/Vl/^'Ny K«?3 0Ofi 

(cl), (c4), (d 1 ) , (d 4) , (f 1) *5 
J;t>* (f 4) ©.fcSfc:, W-^yv^S^TFe 20 
2 03 P*5«fctfAl2 Os «fc^ofc»{btt«jWBj£-S 

^KSnf^o Lfrt. (d 1) ~ (d 4) *5J:t>*iS 
fl(fl)~(f4) *»6fl8&frft«fc5fc, @^ffl!l3SK 
tt»5 3, 7 9+©3ft«lM53 b, 7 9 at«tt+ 
flI5 5, 7 8*»&PBT&nfcttWl5 4, 5 4dt, 
5 6. 56 a, 56 bTlf«tt*IWi 5 
5, 7 8fr£PHT5nfc*Bgyi5 4 c, 5 4 e i^lUBf so 

tcffiA^xif >-/opr^v k«?3 0T«:*L<.aa6« 

[0 0 7 0] S £>tc. ^*afl»8C)HR (b 1 ) T?» 
ifc^lWrft*>-6WR3?^©*7J*«lWIDt 1 Mm 2 B#© 

fiStttR^siWibaARtoHfli^ttEbfe. c©t 

»ig©S*A»i0. 2 [seem] fc&je^ftfc. 
02 4 (a) fs&U (b) tc^SftS S*fbl$W 

tfi oo ts] ^m^^tm^mMitMAR^uRit 

[00 7 1] 2 SlcSfcu mmmimJ&VMM (el) 40 
T^i@5 4 b©HJPi: 1 fim 2 B$©SlnfflR 
fkfiARt©H^=&^!ILfc„ 02 5 (a) *5<fctf 

(b) icmztizsioi^ mm 5 4 b (omiw-ff 3 . 0 

[0 0 7 2] £e>»c3:*u %9l#ti|ffi£©K& (c 2) 
T»fcl*M**fe*»*:tfX©i»A#«"*IHI£ 1 Mm 2 
Bf©giaffiR ^ SMSftS A R fc©|JWR*t»EELfc. ^ 
©£#. &iR©S?Afi«0. 2 [seem] »C&5g£n 
fc 0 02 6 (a) *5<fcO* (b) tC^^nSJ;^^, g?{fc so 
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W100 [s] J&SitSiiSl/^fiifi^tSAR-fM 
[0 0 7 3] ^6tC$fc, &9i*ttro%at£B (c 3) 

c©^«, mmmti. 0 [p a ] t«sg«nfc. 

02 7 (a) 43<fel>* (b) tc^$n5<fc3li:, SKtSfRB 
#300 [s] *S**iK^^tSEflaiAR(i38J«S 

nsct^fit^^nfeo KftB#ra#3oo [s] 
[0074] zziczrc ¥mmi±mT&<Dun (d n 

T*3&SiJi5 4 cOift 1 /xm 2 ^©gJifflR-f'Sin.^ 
ftfiAR t(DMGk*®MLrc„ 02 8 (a) *3<ttf 
(b) IC^tlSi?^ JSHU15 4 c©If^3. 0 
nmtc^^nSi:, gSt^ffcSAR^MRJtttSA-fi! 

[0 0 7 5] £?>tc£fc. 9Mli#U:|tti&OM*l (d2) 

T*i*i!i3S^ttji 5 6 <om{tmffl-ris:t>?>mmtfx<Dm 
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